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     JURY TRIAL DEMANDED 
 

  

COMPLAINT 

Plaintiffs Genentech, Inc. (“Genentech”) and Hoffman-La Roche Inc. (“Hoffman-La 

Roche”), by and through their undersigned attorneys, for their Complaint against Defendants 

Shanghai Henlius Biotech, Inc. and Shanghai Henlius Biologics Co., Ltd. (together, “Henlius”) 

and Organon LLC and Organon & Co. (together, “Organon,” and together with Henlius, 

“H&O”), hereby allege as follows: 

NATURE OF THE CASE  

1. This is an action for patent infringement arising under the patent laws of the 

United States, Title 35, United States Code, including 35 U.S.C. § 271(e)(2)(C), which was 
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enacted in 2010 as part of the Biologics Price Competition and Innovation Act (“BPCIA”), and 

the Declaratory Judgment of Act of 1934, 28 U.S.C. §§ 2201-02. 

2. The BPCIA created an abbreviated pathway for the approval of biosimilar 

versions of approved biologic drugs.  42 U.S.C. § 262(k).  The abbreviated pathway (also known 

as the “subsection (k) pathway”) allows a biosimilar applicant (here, Henlius, acting in concert 

with Organon) to rely on the prior licensure and approval status of the innovative biological 

product (here, Genentech’s Perjeta®) that the biosimilar purports to copy. 

3. Genentech is the sponsor of the reference product (the “reference product 

sponsor” or “RPS”), Perjeta® (pertuzumab) which is approved by the U.S. Food and Drug 

Administration (“FDA”) in combination with trastuzumab and chemotherapy: (1) for treatment 

of adults with HER2-positive metastatic breast cancer who have not received prior anti-HER2 

therapy or chemotherapy for metastatic disease; (2) for neoadjuvant therapy of adults with 

HER2-positive, locally advanced, inflammatory, or early-stage breast cancer; and (3) for 

adjuvant therapy of adults with HER2-positive early breast cancer at high risk of recurrence.  

Under the subsection (k) pathway, the biosimilar applicant may rely on its reference product’s 

data rather than demonstrating that the proposed biosimilar product is safe, pure, and potent, as 

Genentech was required to do to obtain FDA licensure of its reference product under 42 U.S.C. 

§ 262(a).   

4. To avoid burdening the courts and parties with unnecessary disputes, the BPCIA 

also creates an intricate and carefully orchestrated set of procedures for the biosimilar applicant 

and the RPS to engage in a series of information exchanges and good-faith negotiations between 

parties prior to the filing of a patent infringement lawsuit.  These exchanges are set forth in 42 
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U.S.C. § 262(l)(2)-(l)(5) and culminate in an “immediate patent infringement action” pursuant to 

42 U.S.C. § 262(l)(6). 

5. The asserted patents in this action cover pertuzumab, pharmaceutical 

compositions comprising pertuzumab, methods of treatment using pertuzumab, and innovative 

methods of manufacturing therapeutic antibodies like pertuzumab.  The asserted patents are as 

follows: U.S. Patent No. 7,862,817, U.S. Patent No. 8,652,474, U.S. Patent No. 9,181,346, U.S. 

Patent No. 11,414,498, U.S. Patent No. 11,597,776, U.S. Patent No. 12,110,341, U.S. Patent No. 

7,449,184, U.S. Patent No. 8,404,234, U.S. Patent No. 10,689,457, U.S. Patent No. 11,655,305, 

U.S. Patent No. 11,077,189, U.S. Patent No. 11,638,756, U.S. Patent No. 11,992,529, U.S. 

Patent No. 12,128,103, U.S. Patent No. 10,808,037, U.S. Patent No. 11,078,294, U.S. Patent No. 

12,145,997, U.S. Patent No. 12,173,080, U.S. Patent No. 9,815,904, U.S. Patent No. 9,969,811, 

U.S. Patent No. 12,415,998, U.S. Patent No. 10,662,237, U.S. Patent No. 10,676,710, and U.S. 

Patent No. 12,103,975 (collectively, the “Asserted Patents”).   

6. On information and belief, Henlius, acting in concert with Organon, is seeking 

FDA approval of a biosimilar version of Perjeta®.  On information and belief, H&O submitted to 

FDA an abbreviated Biologics License Application (the “Henlius aBLA”) for a proposed 

biosimilar (the “Proposed Henlius Pertuzumab Biosimilar”) to Genentech’s Perjeta® product, 

seeking approval to begin commercial activity before the expiration of the Asserted Patents.  On 

information and belief, FDA accepted Henlius’s aBLA for review.  On January 29, 2025, H&O, 

through their counsel, sent correspondence to Genentech’s general counsel asserting that the 

Henlius aBLA had been accepted for review by FDA. 

7. In February 2025, Genentech and H&O began exchanging information as 

required by the BPCIA, as detailed infra in paragraphs 54-60.  The Asserted Patents were 
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included in Genentech’s April 3, 2025 disclosure pursuant to 42 U.S.C. § 262(l)(3)(A) and its 

July 11, 2025 disclosure pursuant to 42 U.S.C. § 262(l)(3)(C). 

8. Under 35 U.S.C. § 271(e)(2)(C), the submission of “an application seeking 

approval of a biological product” for the purpose of obtaining FDA approval to engage in 

commercial manufacture, use, or sale, including any amendments or supplementations thereto 

constitutes one or more acts of infringement:  (i) with respect to a patent that is identified in the 

list of patents described in section 351(l)(3) of the Public Health Service Act (including as 

provided under section 351(l)(7) of such Act), or (ii) with respect to a patent that could be 

identified pursuant to section 351(l)(3)(A)(i) of such Act if the applicant for the application fails 

to provide the application and information required under section 351(l)(2)(A) of such Act.  See 

Sandoz Inc. v. Amgen Inc., 582 U.S. 1, 12 (2017). 

9. The submission of the Henlius aBLA, including on information and belief, any 

amendments or supplementations thereto, constitutes one or more acts of infringement of one or 

more claims of the Asserted Patents under 35 U.S.C. § 271(e)(2)(C).   

10. If FDA approves the Henlius aBLA and H&O make, offer to sell, sell, use, or 

import the Proposed Henlius Pertuzumab Biosimilar within the United States, H&O will also 

infringe one or more claims of the Asserted Patents under 35 U.S.C. §§ 271(a), (b), (c), and/or 

(g). 

11. This action also arises from H&O’s imminent and actual import, and imminent 

commercial manufacture, offer for sale, and sale of that proposed biosimilar product.  In the 

event H&O imports, manufactures, or launches its biosimilar product prior to the expiration of 

the Asserted Patents, Genentech also seeks monetary damages, including lost profits, and any 

further relief as this Court may deem just and proper. 
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THE PARTIES 

12. Genentech, Inc. is a corporation existing under the laws of the State of Delaware, 

with its corporate headquarters at 1 DNA Way, South San Francisco, California 94080.  

Genentech, Inc. is a biotechnology company that develops, manufactures, and commercializes 

medicines to treat patients with serious and life-threatening medical conditions.  Genentech, Inc. 

employs a large number of scientists who routinely publish in top peer-reviewed journals and are 

among the leaders in their respective fields.  Genentech, Inc. currently markets numerous 

approved pharmaceutical and biologic drugs for various serious or life-threatening medical 

conditions that include cancer, heart attacks, strokes, rheumatoid arthritis, and respiratory 

diseases. 

13. Hoffman-La Roche Inc. is a corporation organized and existing under the laws of 

State of New Jersey with its principal place of business at 150 Clove Road, Suite 8, Little Falls, 

New Jersey 07424.  Hoffman-La Roche Inc. is a pharmaceutical company that researches, 

develops, and manufactures drugs to address unmet medical needs.     

14. On information and belief, Shanghai Henlius Biotech, Inc. is a corporation 

organized and existing under the laws of the People’s Republic of China (“China”) with its 

principal place of business at Room 901, 9th Floor, Building 1, No. 367 Shengrong Road, China 

(Shanghai) Pilot Free Trade Zone, 201210. 

15. On information and belief, Shanghai Henlius Biologics Co., Ltd. is a corporation 

organized and existing under the laws of China with its principal place of business at No. 182 

Wenjun Road, Songjiang District, Shanghai, China 201603.   

16. On information and belief, Shanghai Henlius Biologics Co., Ltd. is a wholly 

owned subsidiary of Shanghai Henlius Biotech, Inc. 
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17. On information and belief, Organon & Co. is a corporation existing under the 

laws of the State of Delaware, with its principal place of business at 30 Hudson Street, Floor 33, 

Jersey City, New Jersey 07302. 

18. On information and belief, Organon LLC is a corporation existing under the laws 

of the State of Delaware, with its principal place of business at 30 Hudson Street, Floor 33, 

Jersey City, New Jersey 07302. 

19. On information and belief, Organon LLC is a subsidiary of Organon & Co. 

20. On information and belief, Shanghai Henlius Biotech, Inc., acting in concert with 

Shanghai Henlius Biologics Co., Ltd., Organon LLC, and Organon & Co., is in the business of 

developing, manufacturing, seeking regulatory approval for, importing, marketing, distributing, 

and selling biopharmaceutical products (including products intended to be sold as biosimilar 

versions of successful biopharmaceutical products developed by others) in this judicial District 

and throughout the United States. 

21. On information and belief, Shanghai Henlius Biotech, Inc., acting in concert with 

Shanghai Henlius Biologics Co., Ltd., Organon LLC, and Organon & Co., intends to develop, 

manufacture, import, market, distribute, offer for sale and/or sell in this judicial District and 

throughout the United States a biosimilar version of Perjeta® upon FDA approval and, in doing 

so, will improperly exploit Genentech’s intellectual property.   

22. On information and belief, Organon entered into a global license agreement with 

Henlius, which secured Organon United States commercialization rights related to the Henlius 

aBLA for pertuzumab.  

23. On information and belief, Organon LLC, acting in concert with Organon & Co., 

will serve as the distributor of the Henlius Proposed Pertuzumab Biosimilar in the United States. 
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JURISDICTION  

24. This action arises under the patent laws of the United States, Title 35 of the 

United States Code, Title 42 of the United States Code, and under the Declaratory Judgment Act 

of 1934 (28 U.S.C. §§ 2201-2202), Title 28 of the United States Code.  

25. This Court has subject matter jurisdiction under 28 U.S.C. §§ 1331 and 1338(a), 

2201(a), and 2202. 

26. This Court has personal jurisdiction over each of Shanghai Henlius Biotech, Inc. 

and Shanghai Henlius Biologics Co., Ltd. under Fed. R. Civ. P. 4(k) because, on information and 

belief, each is organized under the laws of China and because, on information and belief, each 

maintains continuous and systematic contacts with New Jersey through Henlius’s collaboration 

with Organon LLC and Organon & Co., each of which has its principal place of business in 

Jersey City, New Jersey, and regularly and continuously conducts business within this state. 

27. Alternatively, should either Shanghai Henlius Biotech, Inc. or Shanghai Henlius 

Biologics Co., Ltd. contest jurisdiction in this forum, this Court has personal jurisdiction over 

that entity under Fed. R. Civ. P. 4(k)(2) because, on information and belief, it is not subject to 

jurisdiction in any State’s courts of general jurisdiction and because exercising jurisdiction is 

consistent with the United States Constitution and laws, including because Henlius has sufficient 

contacts with the United States and with New Jersey that relate to the claims in this case. 

28. On information and belief, each of Shanghai Henlius Biotech, Inc. and Shanghai 

Henlius Biologics Co., Ltd., directly and through their respective subsidiaries, affiliates, or 

agents, develops, manufactures, seeks regulatory approval for, markets, distributes, and sells 

pharmaceutical products, for use throughout the United States, including in New Jersey.  

29. This Court has personal jurisdiction over each of Shanghai Henlius Biotech, Inc. 

and Shanghai Henlius Biologics Co., Ltd. because, among other reasons, each such entity itself 
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and through its collaboration with Organon, has purposefully availed itself of the benefits and 

protections of New Jersey laws such that it should reasonably anticipated being sued in this 

Court. 

30. This Court has personal jurisdiction over each of Organon LLC and Organon & 

Co. because their principal places of business are in New Jersey, and also because each, directly 

and through their respective subsidiaries, affiliates, or agents, is in the business of manufacturing 

biosimilar drugs that it distributes or has distributed in the State of New Jersey and throughout 

the United States, and has purposely availed itself of the rights and benefits of the State of New 

Jersey, has engaged in systematic and continuous contacts with the State of New Jersey, and 

regularly and continuously conducts business within this State, including by placing its products 

in the stream of commerce for distribution and consumption in New Jersey.  Each derives 

substantial revenue from selling pharmaceutical products throughout the United States, including 

New Jersey.    

31. On information and belief, each of Organon LLC and Organon & Co. 

collaborated with Henlius to develop, manufacture, seek regulatory approval for, market, 

distribute, and sell pharmaceutical products, for use throughout the United States, including in 

New Jersey. 

32. On information and belief, each of Organon LLC and Organon & Co. acted in 

collaboration and in concert with Henlius to take substantial steps to prepare for and undertake 

the filing of the Henlius aBLA and to file the Henlius aBLA for their proposed pertuzumab 

biosimilar product, intending to seek to market the Henlius Proposed Pertuzumab Biosimilar 

nationwide, including within this Judicial District.   
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33. This Court also has personal jurisdiction over each Defendant because this suit 

arises from and relates to their activities that are, and will be, directed to New Jersey.  On 

information and belief, following any FDA approval of the Henlius aBLA, H&O will market and 

sell the Henlius Proposed Pertuzumab Biosimilar that is the subject of the infringement claims in 

this action in the State of New Jersey and throughout the United States, including in this Judicial 

District, to list the Henlius Proposed Pertuzumab Biosimilar on the State of New Jersey’s 

prescription drug formulary, and to seek Medicaid reimbursement for sales of the Henlius 

Proposed Pertuzumab Biosimilar in the State of New Jersey, either directly or through one or 

more of H&O’s subsidiaries, agents, and/or alter egos. 

34. On information and belief, Defendants, acting in collaboration and in concert, 

have committed, or aided, abetted, induced, contributed to, and/or participated in the commission 

of the tortious act of patent infringement that will lead to foreseeable harm and injury to 

Genentech, which developed, obtained FDA approval for, manufactured, and/or distributed 

Perjeta® for sale and use throughout the United States, including in this Judicial District. 

VENUE 

35. Venue is proper in this Judicial District pursuant to 28 U.S.C. §§ 1391(b), 

1391(c), and 1400(b) over each of Shanghai Henlius Biotech, Inc. and Shanghai Henlius 

Biologics Co., Ltd. because, inter alia, each is incorporated in China and may be sued in any 

judicial district in the United States in which each is subject to the Court’s personal jurisdiction.  

See In re HTC Corp., 889 F.3d 1349, 1357 (Fed. Cir. 2018). 

36. Venue is proper in this Judicial District pursuant to 28 U.S.C. § 1400(b) over each 

of Organon LLC and Organon & Co. because each has its headquarters and principal place of 

business at 30 Hudson Street, Floor 33, Jersey City, NJ 07302 and has systematic and continuous 
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contacts with New Jersey and, in particular, on information and belief, each has committed an act 

of patent infringement under 35 U.S.C. § 271(e)(2)(C) by preparing and submitting the Henlius 

aBLA for a proposed pertuzumab biosimilar in and from New Jersey, and receiving 

correspondence with FDA regarding the Henlius aBLA at its office in New Jersey. 

BACKGROUND 

A. Genentech’s Innovative Biological Product Perjeta® (pertuzumab) 

37. Breast cancer is the most common cancer in women in the U.S., and HER2-

positive breast cancer accounts for about 20–25% of all breast cancer diagnoses.  HER2-positive 

breast cancer is particularly aggressive and fast-growing.  This subtype of breast cancer is 

characterized by overexpression of human epidermal growth factor receptor 2 (“HER2”) proteins 

due to HER2 gene amplification.   

38. HER2-positive breast cancer was previously associated with poor outcomes and 

higher mortality rates than other breast cancer subtypes.  With the development of HER2-

targeted agents mainly by Genentech, HER2-postive breast cancer is now a treatable disease and 

outcomes have dramatically improved for these patients.   

39. Initially, the lives of millions of women suffering from HER2-positive breast 

cancer changed dramatically when Genentech developed Herceptin® (trastuzumab).  Herceptin® 

was the first drug of its kind—an antibody called trastuzumab that specifically targets the HER2 

protein.  Since FDA approval of Herceptin® in 1998, Genentech has worked diligently to develop 

new methods of using Herceptin®.   

40. Even though Herceptin® dramatically changed the lives of millions of women, it 

became quickly apparent that new targeted therapies would also be beneficial, especially for 

higher-risk early-stage breast cancer.   
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41. Genentech developed Perjeta®, another anti-HER2-antibody-based targeted 

therapy.  Perjeta® includes pertuzumab, an antibody that targets a different part of the HER2 

protein than trastuzumab does.  When administered together, trastuzumab and pertuzumab work 

together to treat HER2-positive breast cancer. 

42. Perjeta® is approved by FDA in combination with trastuzumab and chemotherapy: 

(1) for treatment of adults with HER2-positive metastatic breast cancer who have not received 

prior anti-HER2 therapy or chemotherapy for metastatic disease; (2) for neoadjuvant therapy of 

adults with HER2-positive, locally advanced, inflammatory, or early-stage breast cancer; and (3) 

adjuvant therapy of adults with HER2-positive early breast cancer at high risk of recurrence.  

43. The combination of Herceptin® and Perjeta® has changed cancer treatment 

drastically and has become the standard of care.  This is all due to Genentech’s work since the 

early 1990s in identifying and developing anti-HER2 antibodies.   

44. All told, Genentech has spent billions of dollars over two decades to develop life-

saving drugs like Herceptin® and Perjeta®. 

45. Genentech’s groundbreaking work in developing Perjeta® was the result of years 

of research.  The United States Patent and Trademark Office (“USPTO”) recognized 

Genentech’s innovative work by granting numerous patents claiming Perjeta®, its manufacture 

and its use. 

46. Before Genentech introduced Perjeta®, an innovative biologic medicine that has 

benefited millions of breast cancer patients, Genentech conducted extensive clinical trials and 

submitted the results of those trials to FDA in order to prove that Perjeta® is safe, pure, and 

potent. 
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47. Prior to the approval of Perjeta®, any other company wishing to sell its own 

version of pertuzumab would have had to undertake the same extensive effort to conduct clinical 

trials to prove to FDA that its proposed version was also safe, pure, and potent.   

48. Developing a new therapeutic product from scratch is extremely expensive: 

studies estimate the cost of obtaining FDA approval of a new biologic product at more than $2 

billion, including the costs of failure. 

49. Genentech, Inc. is the sponsor of the Biologics License Application (“BLA”) for 

Perjeta®.  Hoffman-La Roche Inc. is a co-owner of some of the Asserted Patents. 

B. Defendants Seek Approval to Market a Proposed Biosimilar Version of 

Perjeta® by Taking Advantage of the Abbreviated Subsection (k) Pathway of 

the BPCIA 

50. On information and belief, Henlius, acting in concert with Organon, submitted the 

Henlius aBLA to FDA pursuant to Section 351(k) of the Public Health Service Act to obtain 

approval to commercially manufacture, use, offer to sell, sell, and import into the United States 

the Proposed Henlius Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s 

Perjeta® product.   

51. On information and belief, Defendants sought FDA approval for the Proposed 

Henlius Pertuzumab Biosimilar by submitting the Henlius aBLA under the abbreviated licensing 

pathway of 42 U.S.C. § 262(k), which allows H&O to reference and rely on the approval and 

licensure of Genentech’s Perjeta® product in support of their request for FDA approval. 

52. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is 

designed to compete with Genentech’s Perjeta®.  

53. The Henlius aBLA is predicated on Genentech’s trailblazing efforts. 
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C. The Information Exchange Under 42 U.S.C. § 262(l) 

54. On January 29, 2025, H&O, through their counsel, sent correspondence to 

Genentech’s general counsel asserting that the Henlius aBLA had been “accepted for review by 

FDA on January 28, 2025” and “Henlius will produce the information required by 

§ 262(l)(2)(A).”    

55. On February 11, 2025, pursuant to 42 U.S.C. § 262(l)(2)(A), H&O, through its 

counsel, provided its aBLA to Genentech.   

56. On April 3, 2025, Genentech identified, pursuant to 42 U.S.C. § 262(l)(3)(A) and 

35 U.S.C. § 271(e)(2)(C), 47 patents for which Genentech believes a claim of patent 

infringement could reasonably be asserted with respect to the making, using, offering to sell, 

selling, or importing into the United States of the biological product that is the subject of 

Henlius’s aBLA No. 761450.   

57. On May 13, 2025, H&O provided their detailed statement under 35 U.S.C. 

§ 262(l)(3)(B) describing the factual and legal bases for its contentions that each of the listed 

patents is invalid, unenforceable, and/or will not be infringed by the commercial marketing of the 

biological product described in Henlius’s aBLA No. 761450.   

58. On July 11, 2025, Genentech provided its detailed statement under 35 U.S.C. 

§ 262(l)(3)(C) ) describing on a claim by claim basis, the factual and legal basis of Genentech’s 

opinion that certain claims of the Asserted Patents will be infringed by the commercial marketing 

of the biological product that is the subject of the Henlius aBLA, and Genentech’s response to 

the statement concerning validity and enforceability as to the Asserted Patents in H&O’s May 

13, 2025 statement under 42 U.S.C. § 262(l)(3)(B). 

59. On July 16, 2025, H&O, through their counsel, informed Genentech that H&O 

“consent to . . . Genentech’s list of patents for which it believes a claim of patent infringement 
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could reasonably be asserted” and H&O “agree that each of these patents shall be the subject of 

an action for patent infringement under 42 U.S.C. § 262(l)(6).” 

60. Genentech filed this Complaint within the time required under 42 U.S.C. 

§ 262(l)(6), i.e., within 30 days after Genentech and H&O reached agreement that the Asserted 

Patents would be the subject of an action for patent infringement under § 262(l)(6). 

THE ASSERTED PATENTS 

61. Genentech has spent decades and significant resources developing Perjeta®, and 

the USPTO has awarded Genentech numerous patents on innovative inventions related to 

Perjeta® and various manufacturing methods for antibody production.  These patents cover the 

antibody pertuzumab and its use and manufacture.   

62. Genentech has identified the following patents for which Genentech reasonably 

believes that it could assert a claim of infringement with respect to the Henlius Proposed 

Pertuzumab Biosimilar, based on the information that H&O have provided so far:  U.S. Patent 

No. 7,862,817, U.S. Patent No. 8,652,474, U.S. Patent No. 9,181,346, U.S. Patent No. 

11,414,498, U.S. Patent No. 11,597,776, U.S. Patent No. 12,110,341, U.S. Patent No. 7,449,184, 

U.S. Patent No. 8,404,234, U.S. Patent No. 10,689,457, U.S. Patent No. 11,655,305, U.S. Patent 

No. 11,077,189, U.S. Patent No. 11,638,756, U.S. Patent No. 11,992,529, U.S. Patent No. 

12,128,103, U.S. Patent No. 10,808,037, U.S. Patent No. 11,078,294, U.S. Patent No. 

12,145,997, U.S. Patent No. 12,173,080, U.S. Patent No. 9,815,904, U.S. Patent No. 9,969,811, 

U.S. Patent No. 12,415,998, U.S. Patent No. 10,662,237, U.S. Patent No. 10,676,710, and U.S. 

Patent No. 12,103,975. 
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A. The Composition Patent 

63. U.S. Patent No. 7,862,817 (“’817 Patent” or the “Composition Patent”) describes 

and claims compositions comprising humanized anti-ErbB2 antibodies and methods of treating 

cancer with anti-ErbB2 antibodies, specifically pertuzumab. 

64. The ’817 Patent, titled “Humanized Anti-ErbB2 Antibodies and Treatment with 

Anti-ErbB2 Antibodies,” was duly and legally issued by the USPTO on January 4, 2011.  A true 

and correct copy of the ’817 Patent is attached as Exhibit 1.  The listed inventors are Camellia 

W. Adams, Leonard G. Presta, and Mark Sliwkowski.  Genentech, Inc. is the owner by 

assignment of the ’817 Patent.   

B.  The Acidic Variant Patents 

65. U.S. Patent Nos. 8,652,474 (“’474 Patent”), 9,181,346 (“’346 Patent”), 

11,414,498 (“’498 Patent”), 11,597,776 (“’776 Patent”), and 12,110,341 (“’341 Patent”) 

(collectively, the “Acidic Variant Patents”) describe and claim compositions comprising a main 

species anti-HER2 antibody that binds to domain II of HER2 and its acidic variants, a method of 

making such a composition, and a method of a method of treating HER2-positive cancer 

comprising administering such a composition. 

66. The ’474 Patent, titled “Composition Comprising Antibody That Binds to Domain 

II of HER2 and Acidic Variants Thereof,” was duly and legally issued by the USPTO on 

February 18, 2014.  A true and correct copy of the ’474 Patent is attached as Exhibit 2.  The 

listed inventors are Reed J. Harris and Paul A. Motchnick.  Genentech, Inc. is the owner by 

assignment of the ’474 Patent.  

67. The ’346 Patent, titled “Composition Comprising Antibody That Binds to Domain 

II of HER2 and Acidic Variants Thereof,” was duly and legally issued by the USPTO on 

November 10, 2015.  A true and correct copy of the ’346 Patent is attached as Exhibit 3.  The 
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listed inventors are Reed J. Harris and Paul A. Motchnick.  Genentech, Inc. is the owner by 

assignment of the ’346 Patent.  

68. The ’498 Patent, titled “Composition Comprising Antibody That Binds to Domain 

II of HER2 and Acidic Variants Thereof,” was duly and legally issued by the USPTO on August 

16, 2022.  A true and correct copy of the ’498 Patent is attached as Exhibit 4.  The listed 

inventors are Reed J. Harris and Paul A. Motchnick.  Genentech, Inc. is the owner by assignment 

of the ’498 Patent.  

69. The ’776 Patent, titled “Composition Comprising Antibody That Binds to Domain 

II of HER2 and Acidic Variants Thereof,” was duly and legally issued by the USPTO on March 

7, 2023.  A true and correct copy of the ’776 Patent is attached as Exhibit 5.  The listed inventors 

are Reed J. Harris and Paul A. Motchnick.  Genentech, Inc. is the owner by assignment of the 

’776 Patent. 

70. The ’341 Patent, titled “Composition Comprising Antibody That Binds to Domain 

II of HER2 and Acidic Variants Thereof,” was duly and legally issued by the USPTO on October 

8, 2024.  A true and correct copy of the ’341 Patent is attached as Exhibit 6.  The listed inventors 

are Reed J. Harris and Paul A. Motchnick.  Genentech, Inc. is the owner by assignment of the 

’341 Patent.  

C. The Fixed Dose Patents 

71. U.S. Patent Nos. 7,449,184 (“’184 Patent”) and 8,404,234 (“’234 Patent”) 

(collectively, the “Fixed Dose Patents”) describe and claim a method of treating cancer 

comprising administering one or more fixed doses of a HER2 antibody, including pertuzumab, to 

a patient in an amount effective to treat cancer and an article of manufacture comprising a vial 

containing a fixed dose of the HER2 antibody, specifically pertuzumab, wherein the fixed dose is 
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selected from the group consisting of approximately 420 mg and approximately 840 mg, among 

others. 

72. The ’184 Patent, titled “Fixed Dosing of HER Antibodies,” was duly and legally 

issued by the USPTO on November 11, 2008.  A true and correct copy of the ’184 Patent is 

attached as Exhibit 7.  The listed inventors are David E. Allison, Rene Bruno, Jian-Feng Lu, and 

Chee M. Ng.  Genentech, Inc. is the owner by assignment of the ’184 Patent. 

73. The ’234 Patent, titled “Fixed Dosing of HER Antibodies,” was duly and legally 

issued by the USPTO on March 26, 2013.  A true and correct copy of the ’234 Patent is attached 

as Exhibit 8.  The listed inventors are David E. Allison, Rene Bruno, Jian-Feng Lu, and Chee M. 

Ng.  Genentech, Inc. is the owner by assignment of the ’234 Patent. 

D. Metastatic Breast Cancer Indication Patents 

74. U.S. Patent Nos. 10,689,457 (“’457 Patent”) and 11,655,305 (“’305 Patent”) 

(collectively, the “Metastatic Breast Cancer Indication Patents”) describe and claim methods of 

treatment of previously untreated HER2-positive metastatic breast cancer with a combination of 

trastuzumab, pertuzumab, and docetaxel, wherein the patient did not receive prior chemotherapy 

or anti-HER2 therapy. 

75. The ’457 Patent, titled “Treatment of Metastatic Breast Cancer,” was duly and 

legally issued by the USPTO on June 23, 2020.  A true and correct copy of the ’457 Patent is 

attached as Exhibit 9.  The listed inventors are Virginia Paton, Anne Blackwood Chirchir, Pam 

Klein, and Graham Alexander Ross.  Genentech, Inc. and Hoffman-La Roche are the owners by 

assignment of the ’457 Patent. 

76. The ’305 Patent, titled “Treatment of Metastatic Breast Cancer,” was duly and 

legally issued by the USPTO on May 23, 2023.  A true and correct copy of the ’457 Patent is 
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attached as Exhibit 10.  The listed inventors are Virginia Paton, Anne Blackwood Chirchir, Pam 

Klein, and Graham Alexander Ross.  Genentech, Inc. and Hoffman-La Roche are the owners by 

assignment of the ’305 Patent. 

E. Early Breast Cancer Adjuvant Treatment Patents 

77. U.S. Patent Nos. 11,077,189 (“’189 Patent), 11,638,756 (“’756 Patent”), 

11,992,529 (“’529 Patent”), and 12,128,103 (“’103 Patent”) (collectively, the “Early Breast 

Cancer Adjuvant Treatment Patents”) describe and claim methods for the adjuvant treatment of 

operable HER2-positive primary breast cancer in patients by administration of pertuzumab in 

addition to chemotherapy and trastuzumab. 

78. The ’189 Patent, titled “Adjuvant Treatment of HER2-Positive Breast Cancer,” 

was duly and legally issued by the USPTO on August 3, 2021.  A true and correct copy of the 

’189 Patent is attached as Exhibit 11.  The listed inventors are Mark C. Benyunes and Graham 

Alexander Ross.  Genentech, Inc. and Hoffman-La Roche are the owners by assignment of the 

’189 Patent. 

79. The ’756 Patent, titled “Adjuvant Treatment of HER2-Positive Breast Cancer,” 

was duly and legally issued by the USPTO on May 2, 2023.  A true and correct copy of the ’756 

Patent is attached as Exhibit 12.  The listed inventors are Mark C. Benyunes and Graham 

Alexander Ross.  Genentech, Inc. and Hoffman-La Roche are the owners by assignment of the 

’756 Patent. 

80. The ’529 Patent, titled “Adjuvant Treatment of HER2-Positive Breast Cancer,” 

was duly and legally issued by the USPTO on May 28, 2024.  A true and correct copy of the 

’529 Patent is attached as Exhibit 13.  The listed inventors are Mark C. Benyunes and Graham 
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Alexander Ross.  Genentech, Inc. and Hoffman-La Roche are the owners by assignment of the 

’529 Patent. 

81. The ’103 Patent, titled “Adjuvant Treatment of HER2-Positive Breast Cancer,” 

was duly and legally issued by the USPTO on April 16, 2024.  A true and correct copy of the 

’103 Patent is attached as Exhibit 14.  The listed inventors are Mark C. Benyunes and Graham 

Alexander Ross.  Genentech, Inc. and Hoffman-La Roche are the owners by assignment of the 

’103 Patent. 

F. Disulfide Bond Reduction Patents 

82. U.S. Patent Nos. 10,808,037 (“’037 Patent”), 11,078,294 (“’294 Patent”), 

12,145,997 (“’997 Patent), and 12,173,080 (“’080 Patent”) (collectively, the “Disulfide Bond 

Reduction Patents”) describe and claim methods for preventing the reduction of disulfide bonds 

of antibodies from recombinant host cell cultures. 

83. The ’037 Patent, titled “Prevention of Disulfide Bond Reduction During 

Recombinant Production of Polypeptides,” was duly and legally issued by the USPTO on 

October 20, 2020.  A true and correct copy of the ’037 Patent is attached as Exhibit 15.  The 

listed inventors are Yung-Hsiang Kao, Michael W. Laird, Melody Trexler Schmidt, Rita L. 

Wong, and Daniel P. Hewitt.  Genentech, Inc. is the owner by assignment of the ’037 Patent. 

84. The ’294 Patent, titled “Prevention of Disulfide Bond Reduction During 

Recombinant Production of Polypeptides,” was duly and legally issued by the USPTO on August 

3, 2021.  A true and correct copy of the ’294 Patent is attached as Exhibit 16.  The listed 

inventors are Yung-Hsiang Kao, Michael W. Laird, Melody Trexler Schmidt, Rita L. Wong, and 

Daniel P. Hewitt.  Genentech, Inc. is the owner by assignment of the ’294 Patent. 
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85. The ’997 Patent, titled “Prevention of Disulfide Bond Reduction During 

Recombinant Production of Polypeptides,” was duly and legally issued by the USPTO on 

November 19, 2024.  A true and correct copy of the ’997 Patent is attached as Exhibit 17.  The 

listed inventors are Yung-Hsiang Kao, Michael W. Laird, Melody Trexler Schmidt, Rita L. 

Wong, and Daniel P. Hewitt.  Genentech, Inc. is the owner by assignment of the ’997 Patent. 

86. The ’080 Patent, titled “Prevention of Disulfide Bond Reduction During 

Recombinant Production of Polypeptides,” was duly and legally issued by the USPTO on 

December 24, 2024.  A true and correct copy of the ’080 Patent is attached as Exhibit 18.  The 

listed inventors are Yung-Hsiang Kao, Michael W. Laird, Melody Trexler Schmidt, Rita L. 

Wong, and Daniel P. Hewitt.  Genentech, Inc. is the owner by assignment of the ’080 Patent. 

G. Pertuzumab Variants Patents 

87. U.S. Patent Nos. 9,815,904 (“’904 Patent”), 9,969,811 (“’811 Patent”), and 

12,415,998 (“’998 Patent) (collectively, the “Pertuzumab Variants Patents”) describe and claim 

compositions of variants of pertuzumab including an unpaired cysteine variant comprising 

Cyc23/Cyc88 in one or both variable light domains of pertuzumab, an afucosylated variant, a 

low-molecular-weight-species of pertuzumab, and a high-molecular-weight species of 

pertuzumab, methods of treatment with such compositions, and a method of making an article of 

manufacture comprising such compositions. 

88. The ’904 Patent, titled “Pertuzumab Variants and Evaluations Thereof,” was duly 

and legally issued by the USPTO on November 14, 2017.  A true and correct copy of the ’904 

Patent is attached as Exhibit 19.  The listed inventors are Lynn A. Gennaro, Yung-Hsiang Kao, 

and Yonghua Zhang.  Genentech, Inc. is the owner by assignment of the ’904 Patent. 
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89. The ’811 Patent, titled “Pertuzumab Variants and Evaluations Thereof,” was duly 

and legally issued by the USPTO on May 15, 2018.  A true and correct copy of the ’811 Patent is 

attached as Exhibit 20.  The listed inventors are Lynn A. Gennaro, Yung-Hsiang Kao, and 

Yonghua Zhang.  Genentech, Inc. is the owner by assignment of the ’811 Patent. 

90. The ’998 Patent, titled “Pertuzumab Variants and Evaluations Thereof,” was duly 

and legally issued by the USPTO on November 19, 2024.  A true and correct copy of the ’998 

Patent is attached as Exhibit 21.  The listed inventors are Lynn A. Gennaro, Yung-Hsiang Kao, 

and Yonghua Zhang.  Genentech, Inc. is the owner by assignment of the ’998 Patent. 

H. U.S. Patent No. 10,662,237 

91. U.S. Patent No. 10,662,237 (“’237 Patent”) describes and claims methods for 

increasing the filtration capacity of virus filters, by combined use of endotoxin removal and 

cation-exchange media in the prefiltration process. 

92. The ’237 Patent, titled “Method to Improve Virus Filtration Capacity,” was duly 

and legally issued by the USPTO on May 26, 2020.  A true and correct copy of the ’237 Patent is 

attached as Exhibit 22.  The listed inventor is Amit Mehta.  Genentech, Inc. is the owner by 

assignment of the ’237 Patent. 

I. U.S. Patent No. 10,676,710 

93. U.S. Patent No. 10,676,710 (“’710 Patent) describes and claims cell culture media 

comprising antioxidants, methods of using the media for cell culture and polypeptide production. 

94. The ’710 Patent, titled “Cell Culture Compositions with Antioxidants and 

Methods for Polypeptide Production,” was duly and legally issued by the USPTO on June 9, 

2020.  A true and correct copy of the ’710 Patent is attached as Exhibit 23.  The listed inventors 
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are Natarajan Vijayasankaran, Steven J. Meier, Sharat Varma, and Yi Yang.  Genentech, Inc. is 

the owner by assignment of the ’710 Patent. 

J. U.S. Patent No. 12,103,975 

95. U.S. Patent No. 12,103,975 (“’975 Patent) describes and claims a process of 

producing recombinant proteins like antibodies, in asparagine-supplemented glutamine-free 

mammalian cell culture.  

96. The ’975 Patent, titled “Production of Proteins in Glutamine-Free Cell Culture 

Media,” was duly and legally issued by the USPTO on October 1, 2024.  A true and correct copy 

of the ’975 Patent is attached as Exhibit 24.  The listed inventors are Martin Gawlitzek, Shun 

Luo, and Christina Teresa Bevilacqua.  Genentech, Inc. is the owner by assignment of the ’975 

Patent. 

CAUSES OF ACTION 

FIRST COUNT 

(PATENT INFRINGEMENT OF THE ’817 PATENT) 

97. The allegations of paragraphs 1–96 are repeated and incorporated herein by 

reference.   

98. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

99. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar that was stock-piled prior to the 

expiration of the ’817 Patent. 
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100. Defendants committed an act or acts of infringement with respect to the ’817 

Patent under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the Henlius aBLA for the 

purpose of obtaining FDA approval to engage in the commercial manufacture, use, or sale of the 

Proposed Henlius Pertuzumab Biosimilar.   

101. H&O’s participation in, contribution to, inducement of, aiding, or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the ’817 Patent 

under 35 U.S.C. § 271(e)(2)(C). 

102. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the ’817 Patent. 

103. Representative claim 14 of the ’817 Patent recites: 

A humanized antibody comprising the variable heavy amino acid 

sequence in SEQ ID NO:4, and the variable light amino acid 

sequence in SEQ ID NO:3. 

104. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar comprises a humanized antibody comprising the variable heavy amino acid sequence 

in SEQ ID NO:4, and the variable light amino acid sequence in SEQ ID NO:3. 

105. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the ’817 Patent, on a claim by claim basis, the 

factual and legal bases of Genentech’s opinion that such patent will be infringed by the 

commercial marketing of the biological product that is the subject of the Henlius aBLA.  

Genentech’s detailed statement includes, refers to, and relies on confidential information that 

H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat its 

detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 
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include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 

106. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the ’817 Patent.  

Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) preventing H&O from 

any further infringement.  Genentech does not have an adequate remedy at law. 

107. To the extent H&O commercialize their product prior to the expiration of the ’817 

Patent, Genentech will also be entitled to damages under 35 U.S.C. § 284. 

108. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the ’817 Patent will cause and/or has 

caused injury to Genentech, entitling it to damages or other monetary relief under 35 U.S.C. 

§ 271(e)(4)(C). 

SECOND COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’817 PATENT) 

109. The allegations of paragraphs 1–108 are incorporated herein by reference. 

110. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

111. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  
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112. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar that has been stock-piled 

prior to the expiration of the ’817 Patent, Defendants will infringe one or more claims of the ’817 

Patent under 35 U.S.C. § 271(a), (b), (c), and/or (g). 

113. H&O have knowledge of and are aware of the ’817 Patent, including due to 

Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the filing of this 

Complaint.  H&O’s infringement of the ’817 Patent is willful.  

114. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

’817 Patent.  

115. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the ’817 Patent by making, using, offering to sell, or selling within the United 

States, or importing into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to 

the expiration of the ’817 Patent. 

116. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the ’817 

Patent.  Genentech does not have an adequate remedy at law. 

117. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the ‘817 Patent will cause injury to Genentech, entitling Genentech to damages 

under 35 U.S.C. § 284. 
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THIRD COUNT 

(PATENT INFRINGEMENT OF THE ACIDIC VARIANT PATENTS) 

118. The allegations of paragraphs 1–117 are repeated and incorporated herein by 

reference.   

119. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

120. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Acidic Variant Patents, which include the ’474 Patent, the’346 Patent, the ’498 Patent, the ’776 

Patent, and the’341 Patent. 

121. Defendants committed an act or acts of infringement with respect to the Acidic 

Variant Patents under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the Henlius aBLA for 

the purpose of obtaining FDA approval to engage in the commercial manufacture, use, or sale of 

the Proposed Henlius Pertuzumab Biosimilar.   

122. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the Acidic 

Variant Patents under 35 U.S.C. § 271(e)(2)(C). 

123. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the Acidic Variant Patents. 

124. Representative claim 1 of the ’474 Patent recites: 



27 

A composition comprising a main species HER2 antibody that 
binds to domain II of HER2 and comprises variable light and 
variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, 
respectively, and acidic variants thereof comprising disulfide 
reduced variant and non-reducible variant of the main species 
antibody. 

125. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar comprises a main species HER2 antibody that binds to domain II of HER2 and 

comprises variable light and variable heavy amino acid sequences in SEQ ID Nos. 3 and 4, 

respectively, and acidic variants thereof comprising disulfide reduced variant and non-reducible 

variant of the main species antibody. 

126. Representative claim 1 of the ’346 Patent recites: 

A method of treating HER2 positive cancer in a patient comprising 

administering a pharmaceutical formulation to the patient in an 

amount effective to treat the cancer, wherein the pharmaceutical 

formulation comprises a composition comprising a main species 

HER2 antibody comprising variable light and variable heavy 

sequences comprising SEQ ID Nos. 3 and 4, respectively, and 

acidic variants of the main species antibody, wherein the acidic 

variants include a glycated variant, a deamidated variant, a 

disulfide reduced variant, a sialylated variant, and a non-reducible 

variant in a pharmaceutically acceptable carrier. 

127. On information and belief, the pharmaceutical formulation of the Proposed 

Henlius Pertuzumab Biosimilar is to be administered as a method of treating HER2-positive 

cancer to a patient in an effective amount to treat the cancer, wherein the pharmaceutical 

formulation comprises a composition comprising a main species HER2 antibody comprising 

variable light and variable heavy sequences comprising SEQ ID Nos. 3 and 4, respectively, and 

acidic variants of the main species antibody, wherein the acidic variants include a glycated 

variant, a deamidated variant, a disulfide reduced variant, a sialylated variant, and a non-

reducible variant in a pharmaceutically acceptable carrier. 

128. Representative claim 1 of the ’498 Patent recites: 
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A method of making a pharmaceutical composition comprising: (1) 

preparing a composition comprising a main species HER2 

antibody that binds to domain II of HER2 and comprises variable 

light and variable heavy amino acid sequences set forth in SEQ ID 

Nos. 3 and 4, respectively, and acidic variants thereof comprising 

disulfide reduced variant, and (2) determining the acidic variants in 

the composition, and confirming that the amount thereof is less 

than about 25%. 

129. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be made by a method comprising: (1) preparing a composition comprising a 

main species HER2 antibody that binds to domain II of HER2 and comprises variable light and 

variable heavy amino acid sequences set forth in SEQ ID Nos. 3 and 4, respectively, and acidic 

variants thereof comprising disulfide reduced variant, and (2) determining the acidic variants in 

the composition, and confirming that the amount thereof is less than about 25%. 

130. Representative claim 1 of the ’776 Patent recites: 

A method of making a pharmaceutical formulation comprising 
combining: 

(i) a composition comprising: 

(a) a main species HER2 antibody comprising light chain 
and heavy chain amino acid sequences set forth in SEQ ID 
Nos. 15 and 16, respectively; and 

(b) acidic variants of the main species antibody, comprising 
a disulfide reduced variant, with: 

(ii) a pharmaceutically acceptable carrier. 

131. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be made by a method comprising: combining a composition comprising light 

chain and heavy chain amino acid sequences set forth in SEQ ID Nos. 15 and 16, respectively, 

and acidic variants of the main species antibody, comprising disulfide reduced variant, and a 

pharmaceutically acceptable carrier. 

132. Representative claim 1 of the ’341 Patent recites: 
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A method of treating HER2 positive cancer in a patient comprising 
administering a pharmaceutical formulation to the patient in an 
amount effective to treat the cancer, wherein the pharmaceutical 
formulation comprises: 

(i) a composition comprising: 

(a) a main species HER2 antibody comprising light chain 
and heavy chain amino acid sequences set forth in SEQ ID 
Nos. 15 and 16, respectively; and 

(b) acidic variants of the main species antibody, comprising 
a disulfide reduced variant, and: 

(ii) a pharmaceutically acceptable carrier. 

133. On information and belief, the pharmaceutical formulation of the Proposed 

Henlius Pertuzumab Biosimilar is to be administered as a method of treating HER2-positive 

cancer to a patient in an effective amount to treat the cancer, wherein the pharmaceutical 

formulation comprises a composition comprising light chain and heavy chain amino acid 

sequences set forth in SEQ ID Nos. 15 and 16, respectively, and acidic variants of the main 

species antibody, comprising disulfide reduced variant, and a pharmaceutically acceptable 

carrier. 

134. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the Acidic Variant Patents, on a claim by claim 

basis, the factual and legal bases of Genentech’s opinion that such patents will be infringed by 

the commercial marketing of the biological product that is the subject of the Henlius aBLA.  

Genentech’s detailed statement includes, refers to, and relies on confidential information that 

H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat its 

detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 

include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 
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135. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the Acidic Variant 

Patents.  Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) preventing 

H&O from any further infringement.  Genentech does not have an adequate remedy at law. 

136. To the extent H&O commercialize their product prior to the expiration of the 

Acidic Variant Patents, Genentech will also be entitled to damages under 35 U.S.C. § 284. 

137. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the Acidic Variant Patents will cause 

and/or has caused injury to Genentech, entitling it to damages or other monetary relief under 35 

U.S.C. § 271(e)(4)(C). 

FOURTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ACIDIC VARIANT 

PATENTS) 

138. The allegations of paragraphs 1–137 are incorporated herein by reference. 

139. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

140. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  

141. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 
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Acidic Variant Patents, Defendants will infringe one or more claims of the Acidic Variant 

Patents under 35 U.S.C. § 271(a), (b), (c), and/or (g). 

142. H&O have knowledge of and are aware of the Acidic Variant Patents, including 

due to Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the filing of 

this Complaint.  H&O’s infringement of the Acidic Variant Patents is willful.  

143. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

Acidic Variant Patents.  

144. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the Acidic Variant Patents by making, using, offering to sell, or selling within the 

United States, or importing into the United States, the Proposed Henlius Pertuzumab Biosimilar 

prior to the expiration of the Acidic Variant Patents. 

145. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the Acidic 

Variant Patents.  Genentech does not have an adequate remedy at law. 

146. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the Acidic Variant Patents will cause injury to Genentech, entitling Genentech to 

damages under 35 U.S.C. § 284. 

FIFTH COUNT 

(PATENT INFRINGEMENT OF THE FIXED DOSE PATENTS) 

147. The allegations of paragraphs 1–146 are repeated and incorporated herein by 

reference.   



32 

148. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

149. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Fixed Dose Patents, which include the ’184 Patent and the ’234 Patent. 

150. Defendants committed an act or acts of infringement with respect to the Fixed 

Dose Patents under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the Henlius aBLA for the 

purpose of obtaining FDA approval to engage in the commercial manufacture, use, or sale of the 

Proposed Henlius Pertuzumab Biosimilar.   

151. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the Fixed Dose 

Patents under 35 U.S.C. § 271(e)(2)(C). 

152. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the Fixed Dose Patents. 

153. Representative claim 1 of the ’184 Patent recites: 

A method for treating HER2 expressing cancer comprising 
administering one or more fixed dose(s) of HER2 antibody to a 
human patient in an amount effective to treat the cancer, wherein 
the fixed dose is selected from the group consisting of 
approximately 420 mg, approximately 525 mg, approximately 840 
mg, and approximately 1050 mg of the HER2 antibody, wherein 
the HER2 antibody comprises the variable light and variable heavy 
amino acid sequences in SEQ ID Nos. 3 and 4, respectively. 
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154. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be administered as a method of treating HER2-positive cancer to a patient in an 

amount effective to treat the cancer, wherein the fixed dose selected from the group consisting of 

approximately 420 mg, approximately 525 mg, approximately 840 mg, and approximately 1050 

mg of the HER2 antibody, wherein the HER2 antibody comprises the variable light and variable 

heavy amino acid sequences in SEQ ID Nos. 3 and 4, respectively. 

155. Representative claim 1 of the ’234 Patent recites: 

An article of manufacture comprising a single dose vial containing 
a single fixed dose of pertuzumab, wherein the fixed dose is 
selected from the group consisting of 420 mg and 840 mg of 
pertuzumab. 

156. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is an 

article of manufacture comprising a single dose vial containing a single fixed dose of 

pertuzumab, wherein the fixed dose is selected from the group consisting of 420 mg and 840 mg 

of pertuzumab. 

157. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the Fixed Dose Patents, on a claim by claim basis, 

the factual and legal bases of Genentech’s opinion that such patents will be infringed by the 

commercial marketing of the biological product that is the subject of the Henlius aBLA.  

Genentech’s detailed statement includes, refers to, and relies on confidential information that 

H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat its 

detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 

include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 
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158. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the Fixed Dose 

Patents.  Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) preventing 

H&O from any further infringement.  Genentech does not have an adequate remedy at law. 

159. To the extent H&O commercialize their product prior to the expiration of the 

Fixed Dose Patents, Genentech will also be entitled to damages under 35 U.S.C. § 284. 

160. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the Fixed Dose Patents will cause and/or 

has caused injury to Genentech, entitling it to damages or other monetary relief under 35 U.S.C. 

§ 271(e)(4)(C). 

SIXTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE FIXED DOSE 

PATENTS) 

161. The allegations of paragraphs 1–160 are incorporated herein by reference. 

162. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

163. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  

164. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 
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Fixed Dose Patents, Defendants will infringe one or more claims of the Fixed Dose Patents under 

35 U.S.C. § 271(a), (b), (c), and/or (g). 

165. H&O have knowledge of and are aware of the Fixed Dose Patents, including due 

to Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the filing of this 

Complaint.  H&O’s infringement of the Fixed Dose Patents is willful.  

166. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

Fixed Dose Patents.  

167. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the Fixed Dose Patents by making, using, offering to sell, or selling within the 

United States, or importing into the United States, the Proposed Henlius Pertuzumab Biosimilar 

prior to the expiration of the Fixed Dose Patents. 

168. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the Fixed 

Dose Patents.  Genentech does not have an adequate remedy at law. 

169. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the Fixed Dose Patents will cause injury to Genentech, entitling Genentech to 

damages under 35 U.S.C. § 284. 
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SEVENTH COUNT 

(PATENT INFRINGEMENT OF THE METASTATIC BREAST CANCER INDICATION 

PATENTS) 

170. The allegations of paragraphs 1–169 are repeated and incorporated herein by 

reference.   

171. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

172. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Metastatic Breast Cancer Indication Patents, which include the ’457 Patent and the ’305 Patent. 

173. Defendants committed an act or acts of infringement with respect to the 

Metastatic Breast Cancer Indication Patents under 35 U.S.C. § 271(e)(2)(C) when Henlius 

submitted the Henlius aBLA for the purpose of obtaining FDA approval to engage in the 

commercial manufacture, use, or sale of the Proposed Henlius Pertuzumab Biosimilar.   

174. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the Metastatic 

Breast Cancer Indication Patents under 35 U.S.C. § 271(e)(2)(C). 

175. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the Metastatic Breast Cancer Indication Patents. 

176. Representative claim 1 of the ’457 Patent recites: 
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A method for the treatment of a human patient with HER2 positive 
metastatic breast cancer who did not receive either prior 
chemotherapy or prior anti-HER2 therapy for their metastatic 
breast cancer, comprising administering to the patient an effective 
amount of a combination of pertuzumab, trastuzumab, and 
docetaxel, wherein treatment with the combination increases 
overall survival without increase in cardiac-specific adverse events 
relative to administration of trastuzumab and docetaxel in the 
absence of pertuzumab, wherein the pertuzumab is administered by 
intravenous infusion, at a fixed loading dose of 840 mg, followed 
by administration of a fixed dose of 420 mg every three weeks, the 
trastuzumab is administered by intravenous infusion at a loading 
dose of 8 mg/kg, followed by administration of a dose of 6 mg/kg 
every three weeks, and the docetaxel is administered by 
intravenous administration every three weeks for at least six 
cycles, wherein the initial dose of docetaxel is 75 mg/m2 and is 
increased to 100 mg/m2 if the patient tolerates the initial dose. 

177. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is to be 

administered as a method of treating HER2-positive cancer to a patient with HER2 positive 

metastatic breast cancer who did not receive either prior chemotherapy or prior anti-HER2 

therapy for their metastatic breast cancer, comprising an effective amount of a combination of 

pertuzumab, trastuzumab, and docetaxel, wherein treatment with the combination increases 

overall survival without increase in cardiac-specific adverse events relative to administration of 

trastuzumab and docetaxel in the absence of pertuzumab, wherein the pertuzumab is 

administered by intravenous infusion, at a fixed loading dose of 840 mg, followed by 

administration of a fixed dose of 420 mg every three weeks, the trastuzumab is administered by 

intravenous infusion at a loading dose of 8 mg/kg, followed by administration of a dose of 6 

mg/kg every three weeks, and the docetaxel is administered by intravenous administration every 

three weeks for at least six cycles, wherein the initial dose of docetaxel is 75 mg/m2 and is 

increased to 100 mg/m2 if the patient tolerates the initial dose. 

178. Representative claim 1 of the ’457 Patent recites: 

A method for the treatment of a human patient with HER2-positive 
metastatic breast cancer who has not received prior anti-HER2 
therapy or chemotherapy for metastatic disease, comprising 
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administering to the patient an effective amount of a combination 
of pertuzumab, trastuzumab, and docetaxel, wherein: 

the pertuzumab is administered by intravenous infusion, at a fixed loading dose of 

840 mg, followed by administration of a fixed dose of 420 mg every three weeks; 

the trastuzumab is administered by intravenous infusion at a loading dose of 8 

mg/kg, followed by administration of a dose of 6 mg/kg every three weeks; and 

the docetaxel is administered by intravenous infusion every three 
weeks for at least six cycles, wherein the initial dose of docetaxel 
is 75 mg/m2 and is increased to 100 mg/m2 if the patient tolerates 
the initial dose. 

179. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is to be 

administered as a method of treating HER2-positive cancer to a patient with HER2-positive 

metastatic breast cancer who did not receive either prior chemotherapy or prior anti-HER2 

therapy for their metastatic breast cancer, comprising an effective amount of a combination of 

pertuzumab, trastuzumab, and docetaxel, wherein the pertuzumab is administered by intravenous 

infusion, at a fixed loading dose of 840 mg, followed by administration of a fixed dose of 420 

mg every three weeks; the trastuzumab is administered by intravenous infusion at a loading dose 

of 8 mg/kg, followed by administration of a dose of 6 mg/kg every three weeks; and the 

docetaxel is administered by intravenous infusion every three weeks for at least six cycles, 

wherein the initial dose of docetaxel is 75 mg/m2 and is increased to 100 mg/m2 if the patient 

tolerates the initial dose. 

180. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the Metastatic Breast Cancer Indication Patents, on 

a claim by claim basis, the factual and legal bases of Genentech’s opinion that such patents will 

be infringed by the commercial marketing of the biological product that is the subject of the 

Henlius aBLA.  Genentech’s detailed statement includes, refers to, and relies on confidential 

information that H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does 

not repeat its detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not 
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permitted to include confidential information provided by H&O “in any publicly-available 

complaint or other pleading.”  See 42 U.S.C. § 262(l)(1)(F). 

181. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the Metastatic Breast 

Cancer Indication Patents.  Genentech is entitled to injunctive relief under 35 U.S.C. 

§ 271(e)(4)(B) preventing H&O from any further infringement.  Genentech does not have an 

adequate remedy at law. 

182. To the extent H&O commercialize their product prior to the expiration of the 

Metastatic Breast Cancer Indication Patents, Genentech will also be entitled to damages under 35 

U.S.C. § 284. 

183. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the Metastatic Breast Cancer Indication 

Patents will cause and/or has caused injury to Genentech, entitling it to damages or other 

monetary relief under 35 U.S.C. § 271(e)(4)(C). 

EIGHTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE METASTATIC 

BREAST CANCER INDICATION PATENTS) 

184. The allegations of paragraphs 1–183 are incorporated herein by reference. 

185. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

186. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 
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Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  

187. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Metastatic Breast Cancer Indication Patents, Defendants will infringe one or more claims of the 

Metastatic Breast Cancer Indication Patents under 35 U.S.C. § 271(a), (b), (c), and/or (g). 

188. H&O have knowledge of and are aware of the Metastatic Breast Cancer 

Indication Patents, including due to Genentech’s disclosure of patents pursuant to 42 U.S.C. 

§ 262(l)(3)(A) and the filing of this Complaint.  H&O’s infringement of the Metastatic Breast 

Cancer Indication Patents is willful.  

189. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

Metastatic Breast Cancer Indication Patents.  

190. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the Metastatic Breast Cancer Indication Patents by making, using, offering to 

sell, or selling within the United States, or importing into the United States, the Proposed Henlius 

Pertuzumab Biosimilar prior to the expiration of the Metastatic Breast Cancer Indication Patents. 

191. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Metastatic Breast Cancer Indication Patents.  Genentech does not have an adequate remedy at 

law. 
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192. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the Metastatic Breast Cancer Indication Patents will cause injury to Genentech, 

entitling Genentech to damages under 35 U.S.C. § 284. 

NINTH COUNT 

(PATENT INFRINGEMENT OF THE EARLY BREAST CANCER ADJUVANT 

THERAPY PATENTS) 

193. The allegations of paragraphs 1–192 are repeated and incorporated herein by 

reference.   

194. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

195. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Early Breast Cancer Adjuvant Therapy Patents, which include the ’189 Patent, the ’756 Patent, 

the ’529 Patent, and the ’103 Patent. 

196. Defendants committed an act or acts of infringement with respect to the Early 

Breast Cancer Adjuvant Treatment Patents under 35 U.S.C. § 271(e)(2)(C) when Henlius 

submitted the Henlius aBLA for the purpose of obtaining FDA approval to engage in the 

commercial manufacture, use, or sale of the Proposed Henlius Pertuzumab Biosimilar.   

197. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the Early 

Breast Cancer Adjuvant Treatment Patents under 35 U.S.C. § 271(e)(2)(C). 
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198. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the Early Breast Cancer Adjuvant Treatment 

Patents. 

199. Representative claim 1 of the ’189 Patent recites: 

A method of increasing invasive disease free survival (IDFS) at 3 
years in HER2-positive early breast cancer patients without 
increase in cardiac toxicity, wherein the patients have a high risk of 
cancer recurrence, have a baseline left ventricular ejection fraction 
(LVEF)≥55%, and have not received prior anti-HER2 therapy, 
comprising administering to said patients, following surgery: 

(a) anthracycline-based chemotherapy selected from: 

(i) 3-4 cycles of 500-600 mg/m2 5-FU+90-120 
mg/m2 epirubicin+500-600 mg/m2 cyclophosphamide, or of 
500-600 mg/m2 5-FU+50 mg/m2 doxorubicin+500-600 
mg/m2 cyclophosphamide; or 

(ii) 4 cycles of 60 mg/m2 doxorubicin+500-600 
mg/m2 cyclophosphamide, or of 90-120 
mg/m2 epirubicin+500-600 mg/m2 cyclophosphamide; 

(b) following said anthracycline-based chemotherapy, taxane 
comprising 4 cycles of 75 mg/m2 or 100 mg/m2 docetaxel every 3 
weeks or 12 cycles of 80 mg/m2 paclitaxel every week, wherein the 
taxane is administered in combination with pertuzumab, and 
trastuzumab, and pertuzumab and trastuzumab are each 
administered intravenously starting on Day 1 of the first taxane-
containing cycle and administered for a total of 52 weeks, and 
wherein an initial dose of pertuzumab is 840 mg followed every 3 
weeks by 420 mg pertuzumab, and an initial dose of trastuzumab is 
8 mg/kg followed every 3 weeks by 6 mg/kg trastuzumab, 

wherein said IDFS at 3 years from initial administration in said 
patients is increased compared to patients to whom anthracycline-
based chemotherapy, taxane, and trastuzumab without pertuzumab 
are administered, wherein the cardiac toxicity is a LVEF decline 
≥10 points from baseline and a drop to less than 50%, and wherein 
said high risk patients are node positive or hormone receptor 
negative. 

200. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is to be 

administered as a method of increasing invasive disease free survival (IDFS) at 3 years in HER2-
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positive early breast cancer patients without increase in cardiac toxicity, wherein the patients 

have a high risk of cancer recurrence, have a baseline left ventricular ejection fraction 

(LVEF)≥55%, and have not received prior anti-HER2 therapy, comprising administering to said 

patients, following surgery: (a) anthracycline-based chemotherapy selected from: either (i) 3-4 

cycles of 500-600 mg/m2 5-FU+90-120 mg/m2 epirubicin+500-600 mg/m2 cyclophosphamide, or 

of 500-600 mg/m2 5-FU+50 mg/m2 doxorubicin+500-600 mg/m2 cyclophosphamide; or (ii) 4 

cycles of 60 mg/m2 doxorubicin+500-600 mg/m2 cyclophosphamide, or of 90-120 

mg/m2 epirubicin+500-600 mg/m2 cyclophosphamide; (b) following said anthracycline-based 

chemotherapy, taxane comprising 4 cycles of 75 mg/m2 or 100 mg/m2 docetaxel every 3 weeks or 

12 cycles of 80 mg/m2 paclitaxel every week, wherein the taxane is administered in combination 

with pertuzumab, and trastuzumab, and pertuzumab and trastuzumab are each administered 

intravenously starting on Day 1 of the first taxane-containing cycle and administered for a total 

of 52 weeks, and wherein an initial dose of pertuzumab is 840 mg followed every 3 weeks by 

420 mg pertuzumab, and an initial dose of trastuzumab is 8 mg/kg followed every 3 weeks by 6 

mg/kg trastuzumab, wherein said IDFS at 3 years from initial administration in said patients is 

increased compared to patients to whom anthracycline-based chemotherapy, taxane, and 

trastuzumab without pertuzumab are administered, wherein the cardiac toxicity is a LVEF 

decline ≥10 points from baseline and a drop to less than 50%, and wherein said high risk patients 

are node positive or hormone receptor negative. 

201. Representative claim 1 of the ’756 Patent recites: 

A method of increasing invasive disease free survival (IDFS) at 3 
years in HER2-positive early breast cancer patients without 
increase in cardiac toxicity, wherein the patients have a high risk of 
cancer recurrence, have a baseline left ventricular ejection fraction 
(LVEF) ≥55%, and have not received prior anti-HER2 therapy, 
comprising administering to said patients, following surgery, 
pertuzumab, trastuzumab, and non-anthracycline containing 
chemotherapy, wherein the non-anthracycline containing 
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chemotherapy comprises 6 cycles every 3 weeks of 75 
mg/m2 docetaxel and 6 times Area Under the Concentration Time 
Curve (AUC6) carboplatin, wherein pertuzumab and trastuzumab 
are each administered intravenously starting on day-1 of the first 
non-anthracycline containing chemotherapy cycle and 
administered for a total of 52 weeks, and wherein an initial dose of 
pertuzumab is 840 mg followed every 3 weeks by 420 mg 
pertuzumab, and an initial dose of trastuzumab is 8 mg/kg 
followed every 3 weeks by 6 mg/kg trastuzumab, wherein said 
IDFS at 3 years from initial administration in said patients is 
increased compared to patients to whom the non-anthracycline 
containing chemotherapy and trastuzumab without pertuzumab are 
administered, wherein the cardiac toxicity is a LVEF decline ≥10 
points from baseline and a drop to less than 50%, and wherein said 
high risk patients are node positive or hormone receptor negative. 

202. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is to be 

administered as a method of increasing invasive disease free survival (IDFS) at 3 years in HER2-

positive early breast cancer patients without increase in cardiac toxicity, wherein the patients 

have a high risk of cancer recurrence, have a baseline left ventricular ejection fraction (LVEF) 

≥55%, and have not received prior anti-HER2 therapy, comprising administering to said patients, 

following surgery, pertuzumab, trastuzumab, and non-anthracycline containing chemotherapy, 

wherein the non-anthracycline containing chemotherapy comprises 6 cycles every 3 weeks of 75 

mg/m2 docetaxel and 6 times Area Under the Concentration Time Curve (AUC6) carboplatin, 

wherein pertuzumab and trastuzumab are each administered intravenously starting on day-1 of 

the first non-anthracycline containing chemotherapy cycle and administered for a total of 52 

weeks, and wherein an initial dose of pertuzumab is 840 mg followed every 3 weeks by 420 mg 

pertuzumab, and an initial dose of trastuzumab is 8 mg/kg followed every 3 weeks by 6 mg/kg 

trastuzumab, wherein said IDFS at 3 years from initial administration in said patients is increased 

compared to patients to whom the non-anthracycline containing chemotherapy and trastuzumab 

without pertuzumab are administered, wherein the cardiac toxicity is a LVEF decline ≥10 points 

from baseline and a drop to less than 50%, and wherein said high risk patients are node positive 

or hormone receptor negative. 
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203. Representative claim 1 of the ’529 Patent recites: 

A method of adjuvant therapy for increasing invasive disease free 
survival (IDFS) at 3 years in patients with HER2-positive, node 
positive or hormone receptor negative, early breast cancer, 
comprising administering to said patients, following surgery: 

(a) anthracycline-based chemotherapy comprising: 

(i) 3 or 4 cycles of 5-
fluorouracil+epirubicin+cyclophosphamide (FEC) or 5-
fluorouracil+doxorubicin+cyclophosphamide (FAC); or 

(ii) 4 cycles of doxorubicin+cyclophosphamide (AC) or 
epirubicin+cyclophosphamide (EC); 

(b) following said anthracycline-based chemotherapy, pertuzumab, 
trastuzumab, and taxane-based chemotherapy, wherein: 

(i) pertuzumab and trastuzumab are each administered 
intravenously starting on Day 1 of a first taxane-containing 
cycle and administered for 52 weeks; 

(ii) an initial dose of pertuzumab is 840 mg followed every 
3 weeks by 420 mg pertuzumab; 

(iii) an initial dose of trastuzumab is 8 mg/kg followed 
every 3 weeks by 6 mg/kg trastuzumab; and 

(iv) said taxane-based chemotherapy comprises 3 or 4 
cycles of 75 mg/m2 and/or 100 mg/m2 docetaxel every 3 
weeks or 12 cycles of 80 mg/m2 paclitaxel every week; and 

wherein said IDFS at 3 years from initial administration in said 
patients is increased compared to patients to whom anthracycline-
based chemotherapy, taxane-based chemotherapy, and trastuzumab 
without pertuzumab are administered. 

204. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is to be 

administered as a method of adjuvant therapy for increasing invasive disease free survival 

(IDFS) at 3 years in patients with HER2-positive, node positive or hormone receptor negative, 

early breast cancer, comprising administering to said patients, following surgery: (a) 

anthracycline-based chemotherapy comprising: (i) 3 or 4 cycles of 5- 

fluorouracil+epirubicin+cyclophosphamide (FEC) or 5-

fluorouracil+doxorubicin+cyclophosphamide (FAC); or (ii) 4 cycles of 
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doxorubicin+cyclophosphamide (AC) or epirubicin+cyclophosphamide (EC); (b) following said 

anthracycline-based chemotherapy, pertuzumab, trastuzumab, and taxane-based chemotherapy, 

wherein: (i) pertuzumab and trastuzumab are each administered intravenously starting on Day 1 

of a first taxane-containing cycle and administered for 52 weeks; (ii) an initial dose of 

pertuzumab is 840 mg followed every 3 weeks by 420 mg pertuzumab; (iii) an initial dose of 

trastuzumab is 8 mg/kg followed every 3 weeks by 6 mg/kg trastuzumab; and (iv) said taxane-

based chemotherapy comprises 3 or 4 cycles of 75 mg/m2 and/or 100 mg/m2 docetaxel every 3 

weeks or 12 cycles of 80 mg/m2 paclitaxel every week; and wherein said IDFS at 3 years from 

initial administration in said patients is increased compared to patients to whom anthracycline-

based chemotherapy, taxane-based chemotherapy, and trastuzumab without pertuzumab are 

administered. 

205. Representative claim 1 of the ’103 Patent recites: 

A method of adjuvant treatment for increasing invasive disease 
free survival (IDFS) at 3 years in patients with HER2-positive, 
node positive or hormone receptor negative, early breast cancer, 
said method comprising administering to said patients: 

(a) pertuzumab intravenously every three weeks for 52 
weeks, comprising an 840 mg loading dose of pertuzumab 
followed by 420 mg doses of mg pertuzumab; 

(b) trastuzumab intravenously every three weeks for 52 
weeks, comprising an 8 mg/kg loading dose of trastuzumab 
followed by 6 mg/kg doses of trastuzumab; 

(c) taxane-based chemotherapy, comprising 3 or 4 cycles of 
75 mg/m2 and/or 100 mg/m2 docetaxel every 3 weeks or 
12 cycles of 80 mg/m2 paclitaxel every week, wherein 
pertuzumab and trastuzumab are each administered 
intravenously starting on Day 1 of a first taxane-containing 
cycle; 

(d) anthracycline-based chemotherapy administered before 
pertuzumab and trastuzumab administrations comprising 3 
or 4 cycles of 5-fluorouracil+epirubicin+cyclophosphamide 
(FEC) or 5-fluorouracil+doxorubicin+cyclophosphamide 
(FAC) or 4 cycles of doxorubicin+cyclophosphamide (AC) 
or epirubicin+cyclophosphamide (EC); and 
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wherein said IDFS at 3 years from initial administration in said 
patients is increased compared to patients to whom trastuzumab, 
taxane-based chemotherapy, and anthracycline-based 
chemotherapy without pertuzumab are administered. 

206. On information and belief, the Proposed Henlius Pertuzumab Biosimilar is to be 

administered as a method of adjuvant treatment for increasing invasive disease free survival 

(IDFS) at 3 years in patients with HER2-positive, node positive or hormone receptor negative, 

early breast cancer, said method comprising administering to said patients: (a) pertuzumab 

intravenously every three weeks for 52 weeks, comprising an 840 mg loading dose of 

pertuzumab followed by 420 mg doses of mg pertuzumab; (b) trastuzumab intravenously every 

three weeks for 52 weeks, comprising an 8 mg/kg loading dose of trastuzumab followed by 6 

mg/kg doses of trastuzumab; (c) taxane-based chemotherapy, comprising 3 or 4 cycles of 75 

mg/m2 and/or 100 mg/m2 docetaxel every 3 weeks or 12 cycles of 80 mg/m2 paclitaxel every 

week, wherein pertuzumab and trastuzumab are each administered intravenously starting on Day 

1 of a first taxane-containing cycle; (d) anthracycline-based chemotherapy administered before 

pertuzumab and trastuzumab administrations comprising 3 or 4 cycles of 5-

fluorouracil+epirubicin+cyclophosphamide (FEC) or 5-

fluorouracil+doxorubicin+cyclophosphamide (FAC) or 4 cycles of 

doxorubicin+cyclophosphamide (AC) or epirubicin+cyclophosphamide (EC); and wherein said 

IDFS at 3 years from initial administration in said patients is increased compared to patients to 

whom trastuzumab, taxane-based chemotherapy, and anthracycline-based chemotherapy without 

pertuzumab are administered. 

207. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the Early Breast Cancer Adjuvant Therapy Patents, 

on a claim by claim basis, the factual and legal bases of Genentech’s opinion that such patents 
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will be infringed by the commercial marketing of the biological product that is the subject of the 

Henlius aBLA.  Genentech’s detailed statement includes, refers to, and relies on confidential 

information that H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does 

not repeat its detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not 

permitted to include confidential information provided by H&O “in any publicly-available 

complaint or other pleading.”  See 42 U.S.C. § 262(l)(1)(F). 

208. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the Early Breast 

Cancer Adjuvant Therapy Patents.  Genentech is entitled to injunctive relief under 35 U.S.C. 

§ 271(e)(4)(B) preventing H&O from any further infringement.  Genentech does not have an 

adequate remedy at law. 

209. To the extent H&O commercialize their product prior to the expiration of the 

Early Breast Cancer Adjuvant Therapy Patents, Genentech will also be entitled to damages under 

35 U.S.C. § 284. 

210. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the Early Breast Cancer Adjuvant 

Therapy Patents will cause and/or has caused injury to Genentech, entitling it to damages or 

other monetary relief under 35 U.S.C. § 271(e)(4)(C). 

TENTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE EARLY BREAST 

CANCER ADJUVANT THERAPY PATENTS) 

211. The allegations of paragraphs 1–210 are incorporated herein by reference. 
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212. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

213. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  

214. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Early Breast Cancer Adjuvant Therapy Patents, Defendants will infringe one or more claims of 

the Early Breast Cancer Adjuvant Therapy Patents under 35 U.S.C. § 271(a), (b), (c), and/or (g). 

215. H&O have knowledge of and are aware of the Early Breast Cancer Adjuvant 

Therapy Patents, including due to Genentech’s disclosure of patents pursuant to 42 U.S.C. 

§ 262(l)(3)(A) and the filing of this Complaint.  H&O’s infringement of the Early Breast Cancer 

Adjuvant Therapy Patents is willful.  

216. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

Early Breast Cancer Adjuvant Therapy Patents.  

217. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the Early Breast Cancer Adjuvant Therapy Patents by making, using, offering to 

sell, or selling within the United States, or importing into the United States, the Proposed Henlius 

Pertuzumab Biosimilar prior to the expiration of the Early Breast Cancer Adjuvant Therapy 

Patents. 
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218. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the Early 

Breast Cancer Adjuvant Therapy Patents.  Genentech does not have an adequate remedy at law. 

219. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the Early Breast Cancer Adjuvant Therapy Patents will cause injury to Genentech, 

entitling Genentech to damages under 35 U.S.C. § 284. 

ELEVENTH COUNT 

(PATENT INFRINGEMENT OF THE DISULFIDE BOND REDUCTION PATENTS) 

220. The allegations of paragraphs 1–219 are repeated and incorporated herein by 

reference.   

221. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

222. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Disulfide Bond Reduction Patents, which include the ’037 Patent, the ’294 Patent, the’997 

Patent, and the ’080 Patent. 

223. Defendants committed an act or acts of infringement with respect to the Disulfide 

Bond Reduction Patents under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the Henlius 

aBLA for the purpose of obtaining FDA approval to engage in the commercial manufacture, use, 

or sale of the Proposed Henlius Pertuzumab Biosimilar.   
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224. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the Disulfide 

Bond Reduction Patents under 35 U.S.C. § 271(e)(2)(C). 

225. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the Disulfide Bond Reduction Patents. 

226. Representative claim 1 of the ’037 Patent recites: 

A method for producing an antibody, comprising expressing the 
antibody in a Chinese Hamster Ovary (CHO) recombinant host cell 
culture, and following a production phase of the cell culture, 
sparging the pre-harvest cell culture fluid of the recombinant host 
cell with air to inhibit reduction of a disulfide bond in the antibody 
during processing, 

wherein the antibody is a therapeutic monoclonal antibody that 
binds to human epidermal growth factor receptor 2 (HER2), and 
wherein the air sparging is continued until the amount of dissolved 
oxygen (dO2) in the pre-harvest cell culture fluid is at least 10%. 

227. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be produced by a method for producing an antibody, comprising expressing the 

antibody in a Chinese Hamster Ovary (CHO) recombinant host cell culture, and following a 

production phase of the cell culture, sparging the pre-harvest cell culture fluid of the recombinant 

host cell with air to inhibit reduction of a disulfide bond in the antibody during processing, 

wherein the antibody is a therapeutic monoclonal antibody that binds to HER2, and wherein the 

air sparging is continued until the amount of dissolved oxygen  in the pre-harvest cell culture 

fluid is at least 10%. 

228. Representative claim 1 of the ’294 Patent recites: 

A method for producing an antibody, comprising expressing the 
antibody in a Chinese Hamster Ovary (CHO) recombinant host cell 
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culture, and following a production phase of the cell culture, 
sparging the pre-harvest cell culture fluid of the recombinant host 
cell with air to inhibit reduction of a disulfide bond in the antibody 
during processing, 

wherein the antibody is a therapeutic monoclonal antibody that 
binds to human epidermal growth factor receptor 2 (HER2), and 
wherein the air sparging is continued until the amount of dissolved 
oxygen (dO2) in the pre-harvest cell culture fluid is at least 10%. 

229. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be produced by a method for producing an antibody, comprising expressing the 

antibody in a CHO recombinant host cell culture, and following a production phase of the cell 

culture, sparging the pre-harvest cell culture fluid of the recombinant host cell with air to inhibit 

reduction of a disulfide bond in the antibody during processing, wherein the antibody is a 

therapeutic monoclonal antibody that binds to HER2, and wherein the air sparging is continued 

until the amount of dissolved oxygen  in the pre-harvest cell culture fluid is at least 10%. 

230. Representative claim 1 of the ’997 Patent recites: 

A method for the prevention of the reduction of a disulfide bond in 
a human epidermal growth factor receptor 2 (HER2) antibody 
expressed in a recombinant Chinese Hamster Ovary (CHO) host 
cell, comprising, following a production phase of a cell culture, 
sparging the pre-harvest cell culture fluid (CCF) or harvested 
culture fluid (HCCF) of said recombinant CHO host cell with air, 
wherein the amount of dissolved oxygen (dO2) in the CCF or 
HCCF is at least 10%. 

231. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be produced by a method for the prevention of the reduction of a disulfide bond 

in an HER2 antibody expressed in a recombinant CHO host cell, comprising, following a 

production phase of a cell culture, sparging the pre-harvest cell culture fluid (CCF) or harvested 

culture fluid (HCCF) of said recombinant CHO host cell with air, wherein the amount of 

dissolved oxygen in the CCF or HCCF is at least 10%. 

232. Representative claim 1 of the ’080 Patent recites: 
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A method for the prevention of the reduction of a disulfide bond in 
an IgG1 monoclonal antibody that binds to HER2 expressed by a 
recombinant Chinese Hamster Ovary (CHO) host cell, comprising 
supplementing pre-harvest cell culture fluid or harvested cell 
culture fluid of the recombinant CHO host cell with a thioredoxin 
inhibitor, wherein the thioredoxin inhibitor is added in an amount 
effective to prevent disulfide bond reduction of the antibody that 
binds to HER2 following completion of a cell culture process, and 
wherein the antibody that binds to HER2 comprises a light chain 
variable domain amino acid sequence set forth in SEQ ID NO: 16 
and a heavy chain variable domain amino acid sequence set forth 
in SEQ ID NO: 17. 

233. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be produced by a method for the prevention of the reduction of a disulfide bond 

in an IgG1 monoclonal antibody that binds to HER2 expressed by a recombinant CHO host cell, 

comprising supplementing pre-harvest cell culture fluid or harvested cell culture fluid of the 

recombinant CHO host cell with a thioredoxin inhibitor, wherein the thioredoxin inhibitor is 

added in an amount effective to prevent disulfide bond reduction of the antibody that binds to 

HER2 following completion of a cell culture process, and wherein the antibody that binds to 

HER2 comprises a light chain variable domain amino acid sequence set forth in SEQ ID NO: 16 

and a heavy chain variable domain amino acid sequence set forth in SEQ ID NO: 17. 

234. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the Disulfide Bond Reduction Patents, on a claim 

by claim basis, the factual and legal bases of Genentech’s opinion that such patents will be 

infringed by the commercial marketing of the biological product that is the subject of the Henlius 

aBLA.  Genentech’s detailed statement includes, refers to, and relies on confidential information 

that H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat 

its detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 

include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 
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235. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the Disulfide Bond 

Reduction Patents.  Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) 

preventing H&O from any further infringement.  Genentech does not have an adequate remedy 

at law. 

236. To the extent H&O commercialize their product prior to the expiration of the 

Disulfide Bond Reduction Patents, Genentech will also be entitled to damages under 35 U.S.C. § 

284. 

237. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the Disulfide Bond Reduction Patents 

will cause and/or has caused injury to Genentech, entitling it to damages or other monetary relief 

under 35 U.S.C. § 271(e)(4)(C). 

TWELFTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE DISULFIDE BOND 

REDUCTION PATENTS) 

238. The allegations of paragraphs 1–237 are incorporated herein by reference. 

239. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

240. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  
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241. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Disulfide Bond Reduction Patents, Defendants will infringe one or more claims of the Disulfide 

Bond Reduction Patents under 35 U.S.C. § 271(a), (b), (c), and/or (g). 

242. H&O have knowledge of and are aware of the Disulfide Bond Reduction Patents, 

including due to Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the 

filing of this Complaint.  H&O’s infringement of the Disulfide Bond Reduction Patents is 

willful.  

243. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

Disulfide Bond Reduction Patents.  

244. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the Disulfide Bond Reduction Patents by making, using, offering to sell, or 

selling within the United States, or importing into the United States, the Proposed Henlius 

Pertuzumab Biosimilar prior to the expiration of the Disulfide Bond Reduction Patents. 

245. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Disulfide Bond Reduction Patents.  Genentech does not have an adequate remedy at law. 

246. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the Disulfide Bond Reduction Patents will cause injury to Genentech, entitling 

Genentech to damages under 35 U.S.C. § 284. 
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THIRTEENTH COUNT 

(PATENT INFRINGEMENT OF THE PERTUZUMAB VARIANTS PATENTS) 

247. The allegations of paragraphs 1–246 are repeated and incorporated herein by 

reference.   

248. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

249. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Pertuzumab Variants Patents, which include the ’904 Patent, the ’811 Patent, and the ’998 

Patent. 

250. Defendants committed an act or acts of infringement with respect to the 

Pertuzumab Variants Patents under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the 

Henlius aBLA for the purpose of obtaining FDA approval to engage in the commercial 

manufacture, use, or sale of the Proposed Henlius Pertuzumab Biosimilar.   

251. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the 

Pertuzumab Variants Patents under 35 U.S.C. § 271(e)(2)(C). 

252. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the Pertuzumab Variants Patents. 

253. Representative claim 1 of the ’904 Patent recites: 
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A composition comprising Pertuzumab and unpaired cysteine 
variant thereof, wherein the unpaired cysteine variant comprises 
Cys23 and Cys88 in both variable light domains of Pertuzumab 
and Cys23/Cys88 unpaired cysteines in one or both variable light 
domains thereof. 

254. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar comprises Pertuzumab and unpaired cysteine variant thereof, wherein the unpaired 

cysteine variant comprises Cys23 and Cys88 in both variable light domains of Pertuzumab and 

Cys23/Cys88 unpaired cysteines in one or both variable light domains thereof. 

255. Representative claim 1 of the ’811 Patent recites: 

A method of treating a patient with cancer comprising 
administering a pharmaceutical composition to a cancer patient, 
wherein the pharmaceutical composition comprises: (a) a 
composition comprising Pertuzumab and unpaired cysteine variant 
thereof, wherein the unpaired cysteine variant comprises 
Cys23/Cys88 unpaired cysteines in one or both variable light 
domains of Pertuzumab, and (b) and one or more pharmaceutically 
acceptable excipients. 

256. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be administered as a method of treating a patient with cancer comprising 

administering a pharmaceutical composition to a cancer patient, wherein the pharmaceutical 

composition comprises: (a) a composition comprising Pertuzumab and unpaired cysteine variant 

thereof, wherein the unpaired cysteine variant comprises Cys23/Cys88 unpaired cysteines in one 

or both variable light domains of Pertuzumab, and (b) and one or more pharmaceutically 

acceptable excipients. 

257. Representative claim 1 of the ’998 Patent recites: 

A method of making an article of manufacture comprising a 
Pertuzumab pharmaceutical composition suitable for treating a 
cancer patient, comprising: 

(1) recombinantly expressing Pertuzumab from recombinant 
Chinese Hamster Ovary (CHO) cells at manufacturing scale, and 
purifying a Pertuzumab composition; 
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(2) analyzing fragmentation at Asp-Pro Pertuzumab heavy chain 
residues 272-273 comprising measuring and identifying the 
presence of Peak 2 fragment in an amount from 0.3% to 0.9% by 
reduced capillary electrophoresis sodium dodecyl sulfate (R-CE-
SDS) assay in the purified Pertuzumab composition; 

(3) combining the purified Pertuzumab composition with one or 
more pharmaceutically acceptable excipients to make a 
pharmaceutical composition, wherein step (3) is before or after 
step (2); and 

(4) preparing an article of manufacture comprising a container with 
the pharmaceutical composition therein, and a package insert with 
prescribing information instructing the user thereof to use the 
pharmaceutical composition to treat a cancer patient. 

258. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be made by a method of making an article of manufacture comprising a 

Pertuzumab pharmaceutical composition suitable for treating a cancer patient, comprising: (1) 

recombinantly expressing Pertuzumab from recombinant CHO cells at manufacturing scale, and 

purifying a Pertuzumab composition; (2) analyzing fragmentation at Asp-Pro Pertuzumab heavy 

chain residues 272-273 comprising measuring and identifying the presence of Peak 2 fragment in 

an amount from 0.3% to 0.9% by reduced capillary electrophoresis sodium dodecyl sulfate (R-

CE-SDS) assay in the purified Pertuzumab composition; (3) combining the purified Pertuzumab 

composition with one or more pharmaceutically acceptable excipients to make a pharmaceutical 

composition, wherein step (3) is before or after step (2); and (4) preparing an article of 

manufacture comprising a container with the pharmaceutical composition therein, and a package 

insert with prescribing information instructing the user thereof to use the pharmaceutical 

composition to treat a cancer patient. 

259. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the Pertuzumab Variants Patents, on a claim by 

claim basis, the factual and legal bases of Genentech’s opinion that such patent will be infringed 

by the commercial marketing of the biological product that is the subject of the Henlius aBLA.  
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Genentech’s detailed statement includes, refers to, and relies on confidential information that 

H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat its 

detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 

include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 

260. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the Pertuzumab 

Variants Patents.  Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) 

preventing H&O from any further infringement.  Genentech does not have an adequate remedy 

at law. 

261. To the extent H&O commercialize their product prior to the expiration of the 

Pertuzumab Variants Patents, Genentech will also be entitled to damages under 35 U.S.C. § 284. 

262. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the Pertuzumab Variants Patents will 

cause and/or has caused injury to Genentech, entitling it to damages or other monetary relief 

under 35 U.S.C. § 271(e)(4)(C). 

FOURTEENTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE PERTUZUMAB 

VARIANTS PATENTS) 

263. The allegations of paragraphs 1–262 are incorporated herein by reference. 

264. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  
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265. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  

266. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Pertuzumab Variants Patents, Defendants will infringe one or more claims of the Pertuzumab 

Variants Patents under 35 U.S.C. § 271(a), (b), (c), and/or (g). 

267. H&O have knowledge of and are aware of the Pertuzumab Variants Patents, 

including due to Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the 

filing of this Complaint.  H&O’s infringement of the Pertuzumab Variants Patents is willful.  

268. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

Pertuzumab Variants Patents.  

269. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the Pertuzumab Variants Patents by making, using, offering to sell, or selling 

within the United States, or importing into the United States, the Proposed Henlius Pertuzumab 

Biosimilar prior to the expiration of the Pertuzumab Variants Patents. 

270. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

Pertuzumab Variants Patents.  Genentech does not have an adequate remedy at law. 



61 

271. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the Pertuzumab Variants Patents will cause injury to Genentech, entitling 

Genentech to damages under 35 U.S.C. § 284. 

FIFTEENTH COUNT 

(PATENT INFRINGEMENT OF THE ’237 PATENT) 

272. The allegations of paragraphs 1–271 are repeated and incorporated herein by 

reference.   

273. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

274. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

’237 Patent. 

275. Defendants committed an act or acts of infringement with respect to the ’237 

Patent under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the Henlius aBLA for the 

purpose of obtaining FDA approval to engage in the commercial manufacture, use, or sale of the 

Proposed Henlius Pertuzumab Biosimilar.   

276. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the ’237 Patent 

under 35 U.S.C. § 271(e)(2)(C). 
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277. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the ’237 Patent. 

278. Representative claim 1 of the ’237 Patent recites: 

A method of virus filtration comprising subjecting a composition 
comprising a recombinant protein produced in a mammalian host 
cell and having or suspected of having a parvovirus contaminant to 
a virus filtration process comprising a cation exchange step and an 
endotoxin removal step, simultaneously or in either order, 
immediately preceding a virus filter capable of removing a 
parvovirus, and wherein said virus filter's filtration capacity in 
kg/m2 is improved between 1.5 to 20 fold, as compared to no 
prefiltration step or using either cation exchange step or endotoxin 
removal step alone. 

279. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be made by a method of virus filtration comprising subjecting a composition 

comprising a recombinant protein produced in a mammalian host cell and having or suspected of 

having a parvovirus contaminant to a virus filtration process comprising a cation exchange step 

and an endotoxin removal step, simultaneously or in either order, immediately preceding a virus 

filter capable of removing a parvovirus, and wherein said virus filter's filtration capacity in 

kg/m2 is improved between 1.5 to 20 fold, as compared to no prefiltration step or using either 

cation exchange step or endotoxin removal step alone. 

280. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the ’237 Patent, on a claim by claim basis, the 

factual and legal bases of Genentech’s opinion that such patent will be infringed by the 

commercial marketing of the biological product that is the subject of the Henlius aBLA.  

Genentech’s detailed statement includes, refers to, and relies on confidential information that 

H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat its 

detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 
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include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 

281. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the ’237 Patent.  

Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) preventing H&O from 

any further infringement.  Genentech does not have an adequate remedy at law. 

282. To the extent H&O commercialize their product prior to the expiration of the ’237 

Patent, Genentech will also be entitled to damages under 35 U.S.C. § 284. 

283. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the ’237 Patent will cause and/or has 

caused injury to Genentech, entitling it to damages or other monetary relief under 35 U.S.C. 

§ 271(e)(4)(C). 

SIXTEENTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’237 PATENT) 

284. The allegations of paragraphs 1–283 are incorporated herein by reference. 

285. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

286. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  
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287. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

’237 Patent, Defendants will infringe one or more claims of the ’237 Patent under 35 U.S.C. 

§ 271(a), (b), (c), and/or (g). 

288. H&O have knowledge of and are aware of the ’237 Patent, including due to 

Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the filing of this 

Complaint.  H&O’s infringement of the ’237 Patent is willful.  

289. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

’237 Patent.  

290. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the ’237 Patent by making, using, offering to sell, or selling within the United 

States, or importing into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to 

the expiration of the ’237 Patent. 

291. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the ’237 

Patent.  Genentech does not have an adequate remedy at law. 

292. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the ’237 Patent will cause injury to Genentech, entitling Genentech to damages 

under 35 U.S.C. § 284. 
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SEVENTEENTH COUNT 

(PATENT INFRINGEMENT OF THE ’710 PATENT) 

293. The allegations of paragraphs 1–292 are repeated and incorporated herein by 

reference.   

294. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

295. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

’710 Patent. 

296. Defendants committed an act or acts of infringement with respect to the ’710 

Patent under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the Henlius aBLA for the 

purpose of obtaining FDA approval to engage in the commercial manufacture, use, or sale of the 

Proposed Henlius Pertuzumab Biosimilar.   

297. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the ’710 Patent 

under 35 U.S.C. § 271(e)(2)(C). 

298. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the ’710 Patent. 

299. Representative claim 1 of the ’710 Patent recites: 

A method of producing a recombinant polypeptide composition with reduced 
color intensity, comprising the steps of: 
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culturing a Chinese hamster ovary (CHO) cell comprising a nucleic acid 
encoding the recombinant polypeptide in a cell culture medium, wherein 
the cell culture medium comprises one or more of components (a)-(h): 
(a) hypotaurine, 
(b) s-carboxymethylcysteine, 
(c) carnosine, 
(d) anserine, 
(e) butylated hydroxyanisole, 
(f) lipoic acid, 
(g) quercitrin hydrate, and 
(h) taurine; and 
producing the recombinant polypeptide; 
wherein the cell culture medium comprising the one or more of 
components (a)-(h) reduces the color intensity of the composition 
comprising the recombinant polypeptide produced by the cell as 
compared to a composition comprising the recombinant 
polypeptide produced by the cell cultured in a cell culture medium 
that does not comprise the one or more of components (a)-(h). 

300. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be made by a method of producing a recombinant polypeptide composition with 

reduced color intensity, comprising the steps of culturing a Chinese hamster ovary (CHO) cell 

comprising a nucleic acid encoding the recombinant polypeptide in a cell culture medium, 

wherein the cell culture medium comprises one or more of components (a)-(h): 

(a) hypotaurine, 
(b) s-carboxymethylcysteine, 
(c) carnosine, 
(d) anserine, 
(e) butylated hydroxyanisole, 
(f) lipoic acid, 
(g) quercitrin hydrate, and 
(h) taurine; and 

producing the recombinant polypeptide; wherein the cell culture medium comprising the 

one or more of components (a)-(h) reduces the color intensity of the composition 

comprising the recombinant polypeptide produced by the cell as compared to a 

composition comprising the recombinant polypeptide produced by the cell cultured in a 

cell culture medium that does not comprise the one or more of components (a)-(h). 
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301. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the ’710 Patent, on a claim by claim basis, the 

factual and legal bases of Genentech’s opinion that such patent will be infringed by the 

commercial marketing of the biological product that is the subject of the Henlius aBLA.  

Genentech’s detailed statement includes, refers to, and relies on confidential information that 

H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat its 

detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 

include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 

302. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the ’710 Patent.  

Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) preventing H&O from 

any further infringement.  Genentech does not have an adequate remedy at law. 

303. To the extent H&O commercialize their product prior to the expiration of the ’710 

Patent, Genentech will also be entitled to damages under 35 U.S.C. § 284. 

304. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the ’710 Patent will cause and/or has 

caused injury to Genentech, entitling it to damages or other monetary relief under 35 U.S.C. 

§ 271(e)(4)(C). 
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EIGHTEENTH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’710 PATENT) 

305. The allegations of paragraphs 1–304 are incorporated herein by reference. 

306. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

307. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  

308. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

’710 Patent, Defendants will infringe one or more claims of the ’710 Patent under 35 U.S.C. 

§ 271(a), (b), (c), and/or (g). 

309. H&O have knowledge of and are aware of the ’710 Patent, including due to 

Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the filing of this 

Complaint.  H&O’s infringement of the ’710 Patent is willful.  

310. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

’710 Patent.  

311. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the ’710 Patent by making, using, offering to sell, or selling within the United 

States, or importing into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to 

the expiration of the ’710 Patent. 
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312. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the ’710 

Patent.  Genentech does not have an adequate remedy at law. 

313. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the ’710 Patent will cause injury to Genentech, entitling Genentech to damages 

under 35 U.S.C. § 284. 

NINETEENTH COUNT 

(PATENT INFRINGEMENT OF THE ’975 PATENT) 

314. The allegations of paragraphs 1-313 are repeated and incorporated herein by 

reference.   

315. On information and belief, by their aBLA submissions to FDA, H&O seek FDA 

approval under Section 351(k) of the Public Health Service Act (42 U.S.C § 262(k)) to engage in 

the commercial manufacture and/or sale of the Proposed Henlius Pertuzumab Biosimilar, a 

proposed biosimilar version of Genentech’s Perjeta®.  

316. On information and belief, Defendants intend to manufacture, use, sell, offer for 

sale, and/or import the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

’975 Patent. 

317. Defendants committed an act or acts of infringement with respect to the ’975 

Patent under 35 U.S.C. § 271(e)(2)(C) when Henlius submitted the Henlius aBLA for the 

purpose of obtaining FDA approval to engage in the commercial manufacture, use, or sale of the 

Proposed Henlius Pertuzumab Biosimilar.   
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318. H&O’s participation in, contribution to, inducement of, aiding or abetting the 

submission of the Henlius aBLA and any amendment(s) or supplementation(s) thereto 

constitutes direct, contributory, or induced infringement of one or more claims of the ’975 Patent 

under 35 U.S.C. § 271(e)(2)(C). 

319. On information and belief, the manufacture, use, sale, offer for sale, and/or 

importation of the Proposed Henlius Pertuzumab Biosimilar will infringe, literally or under the 

doctrine of equivalents, one or more claims of the ’975 Patent. 

320. Representative claim 1 of the ’975 Patent recites: 

A process for producing a therapeutic IgG antibody in a Chinese 
hamster ovary (CHO) host cell expressing said antibody, wherein 
the process comprises culturing the CHO host cell in a production 
phase of the culture, wherein the culture is essentially free of 
glutamine, and wherein the culture comprises asparagine provided 
at a concentration of 10 mM. 

321. On information and belief, the composition in the Proposed Henlius Pertuzumab 

Biosimilar is to be made by a process for producing a therapeutic IgG antibody in a CHO host 

cell expressing said antibody, wherein the process comprises culturing the CHO host cell in a 

production phase of the culture, wherein the culture is essentially free of glutamine, and wherein 

the culture comprises asparagine provided at a concentration of 10 mM. 

322. Pursuant to 42 U.S.C. § 262(l)(3)(C), Genentech has provided H&O with a 

detailed statement describing with respect to the ’975 Patent , on a claim by claim basis, the 

factual and legal bases of Genentech’s opinion that such patent will be infringed by the 

commercial marketing of the biological product that is the subject of the Henlius aBLA.  

Genentech’s detailed statement includes, refers to, and relies on confidential information that 

H&O provided to Genentech pursuant to 42 U.S.C. § 262(l)(2).  Genentech does not repeat its 

detailed statement here because under 42 U.S.C. § 262(l)(1), Genentech is not permitted to 
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include confidential information provided by H&O “in any publicly-available complaint or other 

pleading.”  See 42 U.S.C. § 262(l)(1)(F). 

323. Genentech will be irreparably harmed if H&O are not enjoined from infringing or 

actively inducing or contributing to infringement of one or more claims of the ’975 Patent.  

Genentech is entitled to injunctive relief under 35 U.S.C. § 271(e)(4)(B) preventing H&O from 

any further infringement.  Genentech does not have an adequate remedy at law. 

324. To the extent H&O commercialize their product prior to the expiration of the ’975 

Patent, Genentech will also be entitled to damages under 35 U.S.C. § 284. 

325. The submission of the Henlius aBLA to FDA, the manufacture, use, offer for sale, 

or sale within the United States, and/or importation into the United States, of the Proposed 

Henlius Pertuzumab Biosimilar before the expiration of the ’975 Patent  will cause and/or has 

caused injury to Genentech, entitling it to damages or other monetary relief under 35 U.S.C. 

§ 271(e)(4)(C). 

TWENTIETH COUNT 

(DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’975 PATENT) 

326. The allegations of paragraphs 1–325 are incorporated herein by reference. 

327. On information and belief, H&O seek FDA approval under Section 351(k) of the 

Public Health Service Act (42 U.S.C § 262(k)) to manufacture and sell the Proposed Henlius 

Pertuzumab Biosimilar, a proposed biosimilar version of Genentech’s Perjeta®.  

328. On information and belief, H&O intend to, and will, manufacture, use, offer to 

sell, or sell within the United States, or import into the United States, the Proposed Henlius 

Pertuzumab Biosimilar upon FDA licensure of the Henlius aBLA, which on information and 

belief FDA accepted for review on January 28, 2025.  



72 

329. If H&O manufacture, use, offer to sell, or sell within the United States, or import 

into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the 

’975 Patent, Defendants will infringe one or more claims of the ’975 Patent under 35 U.S.C. 

§ 271(a), (b), (c), and/or (g). 

330. H&O have knowledge of and are aware of the ’975 Patent, including due to 

Genentech’s disclosure of patents pursuant to 42 U.S.C. § 262(l)(3)(A) and the filing of this 

Complaint.  H&O’s infringement of the ’975 Patent is willful.  

331. An actual controversy has arisen and now exists between the parties concerning 

whether the Proposed Henlius Pertuzumab Biosimilar will infringe one or more claims of the 

’975 Patent.  

332. Genentech is entitled to a declaratory judgment that H&O will infringe one or 

more claims of the ’975 Patent by making, using, offering to sell, or selling within the United 

States, or importing into the United States, the Proposed Henlius Pertuzumab Biosimilar prior to 

the expiration of the ’975 Patent. 

333. Genentech is entitled to injunctive relief under 35 U.S.C. § 283 prohibiting H&O 

from making, using, offering to sell, or selling within the United States, or importing into the 

United States, the Proposed Henlius Pertuzumab Biosimilar prior to the expiration of the ’975 

Patent.  Genentech does not have an adequate remedy at law. 

334. The manufacture, use, offer for sale, or sale within the United States and/or 

importation into the United States, of the Proposed Henlius Pertuzumab Biosimilar before the 

expiration of the ’975 Patent will cause injury to Genentech, entitling Genentech to damages 

under 35 U.S.C. § 284. 
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PRAYER FOR RELIEF 

WHEREFORE, Plaintiffs respectfully request that this Court enter judgment in their 

favor against Defendants and grant the following relief: 

A. a judgment that each of Henlius and Organon has infringed directly, contributed to, 

or induced the infringement of one or more claims of each of the Asserted Patents under 35 U.S.C. 

§ 271(e)(2)(C) by submitting to FDA the Henlius aBLA and any amendment(s) or 

supplementation(s) thereto; 

B. a preliminary and/or permanent injunction that enjoins Henlius, Organon, and each 

of their officers, partners, agents, servants, employees, attorneys, affiliates, divisions, subsidiaries, 

other related business entities, and those persons in active concert or participation with any of them 

from infringing any of the Asserted Patents, or contributing to or inducing anyone to do the same, 

by acts including the manufacture, use, offer to sell, sale, distribution, or importation of any current 

or future versions of a product that infringes, or the use, offer for sale, sale, distribution, 

importation, or manufacture of which infringes any of the Asserted Patents, in accordance with 35 

U.S.C. § 271(e)(4)(B) and 35 U.S.C. § 283; 

C. a judgment declaring that the manufacture, use, offer to sell, sale, distribution, or 

importation of the products described in the Henlius aBLA would constitute infringement of one 

or more claims of each of the Asserted Patents, or inducement of or contribution to such conduct, 

by each of Henlius and Organon pursuant to 35 U.S.C. § 271(a), (b), (c), and/or (g); 

D. a judgment compelling each of Henlius and Organon to pay to Plaintiffs damages 

adequate to compensate for Henlius’s and Organon’s infringement, in accordance with 35 U.S.C. 

§ 271(e)(4)(C) and 35 U.S.C. § 284;  

E. a declaration that this is an exceptional case and an award to Plaintiffs of their 

attorneys’ fees and costs pursuant to 35 U.S.C. § 285; 
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F. such other and further relief as this Court may deem to be just and proper. 

 

DEMAND FOR A JURY TRIAL 

Plaintiffs hereby demand a jury trial on all issues so triable. 

Dated:  August 14, 2025   By:  /s/ Keith J. Miller  
       Keith J. Miller 
       Michael J. Gesualdo 
       Bradley A. Suiters 

ROBINSON MILLER LLC 
Ironside Newark 
110 Edison Place, Suite 302 
Newark, NJ 07102 
Tel: (973) 690-5400 

 
Eric Alan Stone 
Naz E. Wehrli* 
GROOMBRIDGE, WU, BAUGHMAN   
     & STONE LLP  
565 Fifth Ave, Suite 2900   
New York, New York 10017  
Tel: (332) 269-0030 
 
*Pro hac vice application forthcoming 

        
       Attorneys for Plaintiffs Genentech, Inc. and  
       Hoffmann-La Roche Inc. 
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Local Civil Rule 11.2 and 40.1 Certifications 

 

 Pursuant to Local Civil Rule 11.2, I hereby certify that, to the best of my knowledge, this 

matter is not the subject of any other action pending in any court or of any pending arbitration or 

administrative proceeding. 

 Pursuant to Local Civil Rule 40.1, I hereby certify that, to the best of my knowledge, this 

matter does not relate to any case already or previously pending in the District of New Jersey. 

 

 
 
Dated: August 14, 2025    /s/     Keith J. Miller 
                Keith J. Miller 
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closes the isolated variants, compositions, pharmaceutical 
compositions, and articles of manufacture comprising the 
variants, as well as methods of making and characterizing 
the variants and compositions thereof. 
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TQVCTGTDMKLRLPASPETHLDMLRHLYQGCQVVQGNLELTYLPTNASLSFLQDIQEVQGYV 
LIAHNQVRQVPLQRLRIVRGTQLFEDNYALAVLDNGDPLNNTTPVTGASPGGLRELQLRSLT 
EIL:KGGVLIQRNPQLCYQDTILW:KDIFHKNNQLALTLIDTNRSRACHPCSPMCKGSRCWGES 
SEDCQSLTR (SEQ ID NO: l) 

TVCAGGCARCKGPLPTDCCHEQCAAGCTGPKHSDCLACLHFNHSGICELHCPALVTYNTDTF 
ESMPNPEGRYTFGASCVTACPYNYLSTDVGSCTLVCPLHNQEVTAEDGTQRCEKCSKPCARV 
{SEQ ID NO: 2) 

CYGLGMEHLREVRAVTSANIQEFAGCKKIFGSLAFLPESFDGDPASNTAPLQPEQLQVFETLE 
EITGYLYISAWPDSLPDLSVFQNLQVIRGRILHNGAYSLTLQGLGISWLGLRSLRELGSGLAL 
IHHNTHLCFVHTVPWDQLFRNPHQALLHTANRPEDECVGEGLA (SEQ ID NO: 3) 

CHQLCARGHCWGPGPTQCVNCSQFLRGQECVEECRVLQGLPREYVNARHCLPCHPECQPQNGS 
VTCFGPEADQCVACAHYKDPPFCVARCPSGVKPDLSYMPIWKFPDEEGACQPCPINCTHSCVD 
LDDKGCPAEQRASPLT (SEQ ID NO: 4} 
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Variable Light 

10 20 30 40 
2C4 DTVMTQSHKIMSTSVGDRVSITC [KASQDVSIGVA) WYQQRP 

** **** k ·I< * 
574 DIQMTQSPSSLSASVGDRVTITC {KASQDVSIGVA] WYQQKP 

* ** **cl,; 

hum KI DIQMTQSPSSLSASVGDRVTITC [RASQSISNYLA} WYQQKP 

50 60 0 80 
2C4 GQSPKLLIY [SASYRYT] GVPDRFTGSGSGTDFTFTISSVQA 

** * * * * * 
574 GKAPKLLIY [SASYRYTJ GVPSRFSGSGSGTDE'TLTISSLQP 

* ***** 
hum iCI GKAPK.LLIY [AASSLES] GVPSRFSGSGSGTDFTLTISSLQP 

90 100 
2C4 EDLAVYYC [QQYYIYPYT] FGGGTKLEIK (SEQ ID NO: 5) 

* * * * 
57,1 EDFATYYC [QQYYIYPYT] FGQGTKVEIK (SEQ ID NO: 7} 

*** * 
hum KI EDFATYYC [QQYNSLPWT] FGQGTKVEIK {SEQ ID NO: 9) 

FIG .. 2A 

Variable Heavy 
10 20 30 40 

2C4 EVQLQQSGPELVKPGTSVKISCKAS (GF'fFTDYTMD] WVKQS 
** ** * * *** * * * 

574 EVQLVESGGGLVQPGGSLRLSCAAS [GFTFTDYTMD] WVRQA 
** * * 

hum III EVQLVESGGGLVQPGGSLRLSCAAS [ GFTFSSYfu'v!S] WVRQA 

50 a 60 70 80 
2C4 HGKSLEWIG [DVNPNSGGSIYNQRFKG] KASLTVDRSSRIVYM 

** *** * **** * 
574 PGKGLEWVA [DVNPNSGGSIYNQRFKG] RFTLSVDRSKNTLYL 

****** *** **** * * * 
hum III PGKGLEWVA [VISGDGGSTYYADSVKG] RFTISRDNSKNTLYL 

abc 90 l00ab 110 
2C4 ELRSL'l' E'ED'l'lWYYCAR [NLGPSFYFDYJ WGQG1"l'LTVSS (SEQ ID NO: 6) 

*** ** ** 
574 QMNSLR~EDTAVYYCAR (NLGPSFYFDY} WGQGTLVTVSS (SEQ ID NO: 8) 

******** 
hum III QMNSLRAEDTAVYYCAR [GRVGYSLYDYJ WGQGTLVTVSS (SEQ ID NO;l0} 

FIG. 2B 
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Amino Acid Sequence for Pertuzumab Light Chain 

1 10 20 30 40 50 60 
I I I I l I I I I I I I I 
DIQMTQSPSSLSASVGDRVTITCKASQDVSIGVAWYQQKPGKAPKLLIYSASYRYTGVPS 

70 80 90 100 110 120 
I I I l I I I ! I I I I 

RFSGSGSGTDFTLTISSLQPEDFATYYCQQYYIYPYTFGQGTKVEIKRTVAAPSVFIFPP 

130 140 150 160 170 180 
I I I l l I I ! I I I I 

SDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT 

190 200 210 
I I I l I I 

LSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC (SEQ ID NO: 11) 

.. 3A 

Amino Acid Sequence for Pertuzumab Heavy Chain 

1 10 20 30 40 50 60 
I I I I I I I I I l I I I 
EVQLVESGGGLVQPGGSLRLSCAASGFTFTDYTMDWVRQAPGKGLEWVADVNPNSGGSIY 

70 80 90 100 110 120 
I I I l I I I ! l I I I 

NQRFKGRFTLSVDRSKNTLYLQMNSLRAEDT.AVYYCARNLGPSFYFDYWGQGTLVTVSSA 

130 140 150 160 170 180 
I I I I I I I I I I I I 

STKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSG 

190 200 210 220 230 240 
l I I I I I I I I I I I 

LYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGP 

250 260 270 280 290 300 
I I I I I I I I I I I * I 

SVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNS 

310 320 330 340 350 360 
I I I l I I I I I I I I 

TYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEM 

370 380 390 400 410 420 
I I I l I I I ! l I I I 

TKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQ 

430 440 448 
I I I l I I 

QGNVFSCSVMHEALHNHYTQKSLSLSPG ( SEQ ID NO: 12 ) 

FIG. 3B 



Trastuzmab Light Chain 

1 15 30 45 
~ Q M T Q S P S S L S A S V G D R V T I T C R A S Q D V N T A V A W Y Q Q K P G K A P K 

46 60 75 90 
L L I Y S A S F L Y S G V P S R F S G S R S G T D F T L T I S S L Q P E D F A T Y Y C Q Q 

91 105 120 135 
HY TT PP T F G Q GT KV E ~RT VA AP S VF IF PPS DE Q L KS GT AS V V CL 

136 150 165 180 
LNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLT 

181 195 210 214 
LS KADY EK HK VY ACE VT HQ G LS SP VT KS F NRG EC (SEQ ID NO: 13) 

FIG. 4A 
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Trastuzmab Heavy Chain 

1 15 30 45 
IE~ Q L VE s G G G L V Q p G Gs LR Ls CA As G F NIK D Ty I H w V R QA p GK G L 

46 60 75 90 
EWVARIYPTNGYTRYADSVKGRFTISADTSKNTAYLQMNSLRABD 

91 105 120 135 
TAVYYCSRWGGDGFYAMDYWGQGTLVTV~ASTKGPSVFPLAPSS 

136 150 165 180 
KSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 

181 195 210 225 
G L Y S L S S V V T V P S S S L G T Q T Y I C N V N H K P S N T K V D K K V E P K S C D K 

226 240 255 270 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVS 

271 285 300 315 
HEDPEVKFNWYVDGVEVHNAKTKPREEQY~STYRVVSVLTVLHQO 

316 330 345 360 
WLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 

361 375 390 405 
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSOG 

406 420 435 449 
SFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPG 

(SEQ ID NO: 14) 
FIG. 48 
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Pertuzumab Variant Light Chain 

1 15 30 45 
V H S D I Q M T Q S P S S L S A S V G D R V T I T C K A S Q D V S I G V A W Y Q Q K P G K 

46 60 75 90 
A P K L 1 I Y S A S Y R Y T G V P S R F S G S G S G T D F T L T I S S L Q P E D F A T Y Y 

91 105 120 135 
C Q Q Y Y I Y P Y T F G Q G T K V E I K R T V A A P S V F I F P P S D E Q L K S G T A S V 

136 150 165 180 
V C L L N N F Y P R E A K V Q W K V D N A L Q S G N S Q E S V T E Q D S K D S T Y S L S S 

181 195 210 217 
T L T 1 S K A D Y E K H K V Y A C E V T H Q G L S S P V T K S F N R G E C (SEQ ID NO: 15) 

FIG~ 5A 
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Pertuzumab Variant Heavy Chain 
e . 
00 . 

1 15 30 45 
~ E V Q L V E S G G G L V Q P G G S L R L S C A A S G F T F T D Y T M D W V R Q A P G K G L ~ 
~ 

46 60 75 90 ~ = E W V A D V N P N S G G S I Y N Q R F K G R F T L S V D R S K N T L Y L Q M N S L R A E D ~ 

91 105 120 135 
T A V Y Y C A R N L G P S F Y F D Y W G Q G T L V T V S S A S T K G P S V F P L A P S S K z 

0 

136 150 165 180 
~ .... 

S T S G G T A A L G C L V K D Y F P E P V T V S W N S G A L T S G V H T F P A V L Q S S G "'\,Ci 

N 
0 

181 195 210 225 N 
.i;... 

L Y S L S S V V T V P S S S 1 G T Q T Y I C N V N H K P S N T K V D K K V E P K S C D K T 

226 240 255 270 rJJ 
H T C P P C P A P E L L G G P S V F L F P P K P K D T L M I S R T P E V T C V V V D V S H =-('D 

('D ..... 
271 285 300 315 -....J 

E D P E V K F N W Y V D G V E V H N A K T K P R E E Q Y N S T Y R V V S V L T V L H Q D W 0 .... 
.i;... 
N 

316 330 345 360 
L N G K E Y K C K V S N K A L P A P I E K T I S K A K G Q P R E P Q V Y T L P P S R E E M 

361 37r. 
':) 390 405 

T K N Q V S 1 T C L V K G F Y P S D I A V E W E S N G Q P E N N Y K T T P P V L D S D G S d 
r.,;_ 

406 420 435 449 "'""' N 
F F L Y S K L T V D K S R W Q Q G N V F S C S V M B E A L H N H Y T Q K S L S L S P G K "' 

"'""' ~ 
{SEQ ID NO: 16) 

UI 
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Non~Reduced (Native) Tryptic Peptide Maps of Pertuzumab 
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Tryptic Peptide Maps of Reduced and Non-Reduced Pertuzumab (Full Scale) 
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Tryptic Peptide Maps of Reduced and Non-Reduced Pertuzumab (120-204 Minutes) 
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HIC Analysis of Papain-Digested Pertuzumab 
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HIC Analysis of Papain-Digested Pertuzumab (Expanded View) 
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HIC Analysis of Intact Pertuzumab 
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Trastuzumab 
HERCEPTlN 

• Binds in Subdomain IV. 

• Protects against receptor shedding 

• Moderately affects receptor down­
modulation 

• Slight effect on HER2's role as a 
coreceptor 

Pertuzumab 
PERJETA 

• Binds in Subdomain I I at 
dimerization interface 

• Does not prevent receptor shedding 

• Moderately affects receptor down­
modulation 

• Major effect on HER2's role as a 
coreceptor 
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Oligosaccharide Structures attached to lgG1 
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FIG. 33A 

Reduced CE-SDS Electropherograms (Full Scale) 
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1 

PERTUZUMAB VARIANTS AND 
EVALUATION THEREOF 

2 
U.S. Pat. Nos. 7,560,111, 7,879,325, and U.S. Pat. No. 

8,241,630 (Kao et al.) describe a variant of Pertuzumab 
(rhuMAb 2C4) comprising an amino terminal leader exten­
sion (VHS-) on one or both light chains of the antibody, the CROSS REFERENCE TO RELATED 

APPLICATIONS 

This application is a divisional of U.S. application Ser. 
No. 16/510,287, filed on Jul. 12, 2019 which is a continu­
ation of U.S. application Ser. No. 15/788,598, filed on Oct. 

5 so-called "VHS-variant." When, Reference Material (Phase 
I), Lot S9802A (Phase II), and 400 L scale Process Devel­
opment Material were tested for free thiol using the Ell­
man's analysis at native conditions, free thiol level was 

19, 2017, now abandoned, which is a divisional of U.S. 10 

application Ser. No. 14/253,038, filed Apr. 15, 2014, now 
U.S. Pat. No. 9,815,904 which claims the benefit under 
35 USC § 119(e) of U.S. Provisional Application Ser. No. 
61/812,603, filed Apr. 16, 2013, which applications are 15 
hereby incorporated by reference in entirety. 

SEQUENCE LISTING 

The instant application contains a Sequence Listing sub- 20 
mitted via EFS-Web and hereby incorporated by reference in 
its entirety. Said ASCII copy, created Jun. 20, 2022, is named 
P05584_US_ 7 _Sequence_Listing.txt, and is 31,367 bytes in 
size. 

below the limit of detection in all materials tested. From 
1-2% of the Pertuzumab in the compositions tested were 
afucosylated (G0-F) as determined by capillary electropho-
resis (CE). See Table 5 of U.S. Pat. No. 7,560,111 (Kao et 
al.). 

WO 2009/099829 (Harris et al.) describe acidic variants 
ofpertuzumab including: deamidated variant, glycated vari­
ant, disulfide reduced variant, non-reducible variant, and 
sialylated variant. The variants were characterized as dis­
closed as follows: 

TABLE 1 

Acidic Variants in WO 2009/099829 (Harris et al.) 
Methods for Characterization of Acidic Variants 

25 Method Variants Detected Variant Name 

FIELD OF THE INVENTION 

The present invention concerns variants of Pertuzumab. 

CEX +/- Sialydase 
Treatment 
Reduced CE-SDS 

6% Sialylated 

1.5% Incompletely 
Reduced 

Sialylated Variant 

Non-Reducible Variant 

In particular, it concerns: an unpaired cysteine variant com­
prising Cys23/Cys88 unpaired cysteines in one or both 
variable light domains of Pertuzumab, an afucosylated vari-

30 
Non-Reduced CE-SDS 6% Reduced Disulfide Disulfide Reduced 

Variant 

ant of Pertuzumab, a low-molecular-weight-species 
(LMWS) of Pertuzumab, and a high-molecular-weight-spe­
cies (HMWS) or Pertuzumab. The invention further con­
cerns the isolated variants, compositions, pharmaceutical 35 

compositions, and articles of manufacture comprising the 
variants, as well as methods of making and characterizing 
the variants and compositions thereof. 

Boronate 
Chromatography 
Peptide Map 

CEX = cation exchange. 

3 .5% Glycated (Higher Glycated Variant 
Order) 
Deamidated Deamidated Variant 

CE-SDS = Capillary Electrophoresis with Sodium Dodecyl Sulfate. 

The experimental method used to characterize the disulfide 
reduced variant in WO 2009/099829 (Harris et al.), non­
reduced CE-SDS of intact antibody, evaluated reduced inter-

BACKGROUND OF THE INVENTION 40 chain disulfide bonds, rather than intra-chain disulfide 
bonds. 

Pertuzumab (PERJETA®) (also called rhuMAb 2C4) is a 
monoclonal antibody (MAb) which is the first of its class in 

Zhang et al. Anal. Chem. 84(16):7112-7123 (2012) report 
a recombinant antibody (mAb A) having unpaired cysteines 
(Cys22 and Cys96) in the variable heavy (VH domain) a line of agents called "HER dimerization inhibitors." By 

binding to HER2, it inhibits dimerization of HER2 with 
other HER receptors and thus inhibits tumor growth. Per­
tuzumab received United Stated Food and Drug Adminis­
tration (US FDA) approval for the treatment of HER2-
positive metastatic breast cancer on Jun. 8, 2012. 

45 thereof. The unpaired cysteines were found to have no 
significant impact on binding of the antibody to CD20, and 
mAb A with unpaired cysteines was fully active in a potency 
assay (complement-dependent cytotoxicity, CDC, assay). 

U.S. Pat. No. 7,862,817 (Adams et al.) describe a human­
ized variant of the 2C4 antibody called humanized 2C4 
version 574 or recombinant humanized monoclonal anti­
body 2C4 (rhuMAb 2C4). The antibody bound Subdomain 

WO 2009/009523 (Kao et al.) discloses prevention of 
50 inter-chain disulfide bond reduction during recombinant 

production of the ocreclizumab (rhuMAb 2H7) antibody 
which binds CD20. 

II in the Human Epidermal Growth Factor Receptor 2 
(HER2) extracellular domain (ECD). The rhuMAb 2C4 55 

antibody was produced on a laboratory scale and shown to 
bind to HER2 and inhibit growth ofMDA-175 cells (which 
express HER2 at a 1 +level) and MCF7 xenografts implanted 
into mice. See, also, Adams et al. Cancer Immunol. Immu­
nother. 55(6):717-727 (2006) 60 

U.S. Pat. No. 6,339,142 (Blank and Basey) describes a 
HER2 antibody composition comprising a mixture of anti­
HER2 antibody and one or more acidic variants thereof, 
wherein the amount of the acidic variant(s) is less than about 
25%. Humanized monoclonal antibody 4D5 variant 8 65 

(humMAb4D5-8 or Trastuzumab) is the exemplified HER2 
antibody. 

Harris, R. Dev. Biol. (Basel, Switzerland) 122: 117-127 
(2005) disclosed unpaired cysteines (Cys22 and Cys96) in 
the variable heavy (VH) domain of omalizumab, a human­
ized anti-IgE antibody. The unpaired cysteine form had 
significantly lower potency. 

SUMMARY OF THE INVENTION 

The experimental data herein concerns variant forms of 
Pertuzumab, including an unpaired cysteine variant, afuco­
sylated variant, low-molecular-weight-species (LMWS), 
and high-molecular-weight-species (HMWS). Means for 
identifying, characterizing, and quantifying these variants 
are valuable in the manufacture and quality control methods 
for the Pertuzumab drug composition. 
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therein, wherein the variant(s) comprise: (i) unpaired cys­
teine variant comprising Cys23/Cys88 unpaired cysteines in 
one or both variable light domains of Pertuzumab; and/or (ii) 
afucosylated variant of Pertuzumab; and/or (iii) high-mo­
lecular-weight-species (HMWS) of Pertuzumab; and/or (iv) 
low-molecular-weight-species (LMWS) of Pertuzumab, 
and/or (v) Peak 1 fragment(s) of Pertuzumab, and/or (vi) 
Peak 2 fragment(s) of Pertuzumab. 

In another aspect, the invention concerns an isolated 

Thus, in a first aspect, the invention concerns a compo­
sition comprising Pertuzumab and unpaired cysteine variant 
thereof, wherein the unpaired cysteine variant comprises 
Cys23/Cys88 unpaired cysteines in one or both variable 
light domains of Pertuzumab. The unpaired cysteine variant 5 

includes a heterodimer variant ( comprising Cys23/Cys88 
unpaired cysteines in only one variable light domain of 
Pertuzumab) and/or a homodimer variant ( comprising 
Cys23/Cys88 unpaired cysteines in both variable light 
domains of Pertuzumab ). 

The composition optionally further comprises one or 
more additional variants of Pertuzumab such as afucosylated 
variant, low-molecular-weight-species (LMWS) variant, 
high-molecular-weight-species (HMWS) variant, glycated 
variant, disulfide reduced variant, non-reducible variant, 15 

deamidated variant, sialylated variant, VHS-variant, C-ter­
minal lysine variant, methionine-oxidized variant, Gl gly­
cosylation variant, G2 glycosylation variant, and non-gly­
cosylated heavy chain variant. 

10 variant of Pertuzumab, wherein the isolated variant com­
prises: (a) an unpaired cysteine variant of Pertuzumab, 
wherein the variant is a heterodimer variant comprising 
Cys23/Cys88 unpaired cysteines in only one variable light 
domain of Pertuzumab; and/or (b) an unpaired cysteine 
variant of Pertuzumab, wherein the variant is a homodimer 
variant comprising Cys23/Cys88 unpaired cysteines in both 

The invention also concerns a composition comprising 20 

Pertuzumab and an afucosylated variant of Pertuzumab, 
wherein the amount of the afucosylated variant is from 0.9 

variable light domains of Pertuzumab; and/or (c) afucosy­
lated variant of Pertuzumab; and/or (d) high-molecular­
weight-species (HMWS) of Pertuzumab; and/or (e) low­
molecular-weight-species (LMWS) of Pertuzumab; and/or 
(f) Peak 1 fragment(s) of Pertuzumab, and/or (g) Peak 2 
fragment(s) of Pertuzumab. 

to 4.1 % of the composition. In one embodiment, the inven­
tion concerns a composition comprising Pertuzumab and an 
afucosylated variant of Pertuzumab, wherein the amount of 25 

the afucosylated variant is greater than 2% of the composi­
tion. According to this embodiment, the amount of the 
afucosylated variant is greater than that reported in U.S. Pat. 
Nos. 7,560,111, 7,879,325, and 8,241,630 (Kao et al.). 

In an additional aspect, the invention concerns a method 
for evaluating fragmentation of a Pertuzumab composition 
comprising measuring the amount of Peak 1 and Peak 2 in 
the composition by reduced capilliary electrophoresis 
sodium dodecyl sulphate (R-CE-SDS) assay and confirming 
the amount of Peak 1 is s5% and the amount of Peak 2 is 
sl.0%. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In an additional aspect, the invention concerns a compo- 30 

sition comprising a mixture of Pertuzumab, low-molecular­
weight species (LMWS) of Pertuzumab, and high-molecu­
lar-weight-species (HMWS) of Pertuzumab, wherein the 
amount of LMWS is sl .6% and the amount of HMWS is 

FIG. 1 provides a schematic of the HER2 protein struc­
ture, and amino acid sequences for Subdomains I-IV (SEQ 

35 ID Nos.1-4, respectively) of the extracellular domain 
thereof. 

sl.7%. 
The invention also concerns a composition comprising a 

mixture of Pertuzumab, Peak 1, and Peak 2, wherein the 
amount of Peak 1 is s0.5% and the amount of Peak 2 is 
sl.0% as measured by reduced capilliary electrophoresis 
sodium dodecyl sulphate (R-CE-SDS) assay. 

Additional aspects of the invention concern pharmaceu­
tical compositions, articles of manufacture, and methods of 
treating a cancer patient using or comprising the composi­
tions herein. 

In an additional aspect, the invention concerns a method 

FIGS. 2A and 2B depict alignments of the amino acid 
sequences of the variable light (VL) (FIG. 2A) and variable 
heavy (VH) (FIG. 2B) domains of murine monoclonal 

40 antibody 2C4 (SEQ ID Nos. 5 and 6, respectively); VL and 
VH domains of variant 574/Pertuzumab (SEQ ID Nos. 7 and 
8, respectively), and human VL and VH consensus frame­
works (hum id, light kappa subgroup I; humIII, heavy 
subgroup III) (SEQ ID Nos. 9 and 10, respectively). Aster-

45 isks identify differences between variable domains of Per­
tuzumab and murine monoclonal antibody 2C4 or between 
variable domains of Pertuzumab and the human framework. 
Complementarity Determining Regions (CDRs) are in 
brackets. 

for evaluating a Pertuzumab composition comprising: (1) 
measuring the amount of unpaired cysteine variant in the 
composition, wherein the unpaired cysteine variant com­
prises Cys23/Cys88 unpaired cysteines in one or both vari­
able light domains of Pertuzumab; and/or (2) measuring the 50 

amount of afucosylated Pertuzumab in the composition; 
and/or (3) measuring the amount of low-molecular-weight­
species (LMWS) or high-molecular-weight-species 
(HMWS) of Pertuzumab in the composition. 

FIGS. 3A and 3B show the amino acid sequences of 
Pertuzumab light chain (FIG. 3A; SEQ ID NO. 11) and 
heavy chain (FIG. 3B; SEQ ID No. 12). CDRs are shown in 
bold. Calculated molecular mass of the light chain and heavy 
chain are 23,526.22 Da and 49,216.56 Da (cysteines in 

In yet an additional aspect, the invention concerns a 
method for evaluating the biological activity of a Per­
tuzumab composition comprising measuring the amount of 
afucosylated Pertuzumab variant in the composition to 
determine the antibody-dependent cell-mediated cytotoxic­
ity (ADCC) activity of the composition, and confirming the 
amount of afucosylated Pertuzumab is in the range from 
about 0.9 to about 4.1 %. 

In another aspect, the invention concerns a method for 
making a composition comprising: (1) producing a compo­
sition comprising Pertuzumab and one or more variants 
thereof, and (2) subjecting the composition so-produced to 
an analytical assay to evaluate the amount of the variant(s) 

55 reduced form). The carbohydrate moiety is attached to Asn 
299 of the heavy chain. 

FIGS. 4A and 4B show the amino acid sequences of 
Trastuzumab light chain (FIG. 4A; SEQ ID NO. 13) and 
heavy chain (FIG. 4B; SEQ ID NO. 14), respectively. 

60 Boundaries of the variable light and variable heavy domains 
are indicated by arrows. 

FIGS. SA and SB depict a variant Pertuzumab light chain 
sequence (FIG. SA; SEQ ID NO. 15) and a variant Per­
tuzumab heavy chain sequence (FIG. SB; SEQ ID NO. 16), 

65 respectively. 
FIG. 6 depicts the structure of (main species) Pertuzumab 

including its 4 inter-chain and 12 intra-chain disulfide bonds, 
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including the Cys23/Cys88 intra-chain disulfide bonds in 
each of the variable light (VL) domains. Domains depicted 
are: VL=variable light domain; VH=variable heavy domain; 
CL=light chain constant domain; CHI =heavy chain constant 
domain 1; CH2=heavy chain constant domain 2; 5 

CH3=heavy chain constant domain 3. 
FIG. 7 shows non-reduced (native) trypic peptide maps of 

Pertuzumab. 
FIG. 8 depicts tryptic peptide maps of reduced and 

non-reduced Pertuzumab (full scale). 10 

FIG. 9 depicts tryptic peptide maps of reduced and 
non-reduced Pertuzumab (0-120 minutes). 

FIG. 10 depicts tryptic peptide maps of reduced and 
non-reduced Pertuzumab (120-204 minutes). 

FIG. 11 depicts hydrophobic interaction chromatography 
(HIC) analysis of papain-digested Pertuzumab. 

FIG. 12 depicts HIC analysis of papain-digested Per­
tuzumab (expanded view). 

15 

FIG. 13 depicts HIC analysis of intact Pertuzumab. Peaks 20 

comprising: enriched free thiol homodimer (free thiols on 
both light chains), free thiol heterodimer (free thiol on one 
light chain), and wild-type homodimer (main species anti­
body) are shown. 

FIG. 14 depicts activity of Pertuzumab (Batch 25 

anti2C4907-2) in the antibody-dependent cell-mediated 
cytotoxicity (ADCC) assay. 

FIG. 15 depicts impact of G0-F level on ADCC activity. 
Samples tested were phase III Pertuzumab (G0-F=2.2%) and 
phase I Pertuzumab (G0-F=0.8%). 30 

FIG. 16 depicts capillary electrophoresis analysis of 
N-linked oligosaccharides released from Pertuzumab. 

FIG. 17 depicts capillary electrophoresis analysis of 
N-linked oligosaccharides released from Pertuzumab (ex-

35 
panded view). Note: The G 1 oligosaccharide has two iso­
meric forms (labeled G 1 and G 1 ') wherein the terminal 
galactose residue is attached to either the al-6 branch or the 
al-3 branch. 

FIG. 18 depicts Reversed Phase-High Performance Liq- 40 

uid Chromatography (HP-HPLC) for Pertuzumab Fab and 
Fe (limited Lys-C digestion) separation. Limited Lys-C 
digested Pertuzumab and limited Lys-C digested Per­
tuzumab then treated with N-ethymaleimide (NEM) are 
shown. 45 

6 
FIG. 26 depicts SEC analysis of Pertuzumab (expanded 

scale). Peaks include main peak (main species antibody), 
high molecular weight species (HMWS), and low molecular 
weight species (LMWS). 

FIG. 27 depicts Size Exclusion-High Performance Liquid 
Chromatography (SE-HPLC) analysis of Pertuzumab 
samples. Sample A is representative Pertuzumab Drug Prod­
uct batch. Sample B is Pertuzumab batch subjected to light 
exposure at 1.2 mlux hours. Sample C is a Pertuzumab batch 
subjected to light exposure at 3.6 mlux hours. Sample D is 
a Pertuzumab batch subjected to acid treatment at pH 3.2. 
Sample E is purified basic variants from Ion Exchange­
HPLC (IE-HPLC). 

FIG. 28 depicts concordance plot of analytical ultracen­
trifugation (AUC) sedimentation velocity and SE-HPLC 
analysis. The error bars represent two standard deviations 
from n=3 determination. All other data points denote a single 
determination. Circles denote samples that have HMWS 
levels below the level of detection of the AUC. 

FIG. 29 depicts Capillary Electrophoresis Sodium 
Dodecyl Sulfate Analysis (CE-SDS) with Laser-Induced 
Fluorescence (LIF) detection of non-reduced Pertuzumab. 

FIG. 30 depicts CE-SDS-LIF of non-reduced (NR) Per­
tuzumab (expanded view). 

FIGS. 31A and 31B depict SE-HPLC Chromatograms for 
Example 6: full scale (FIG. 31A) and expanded scale (FIG. 
318). 

FIGS. 32A and 32B depict non-reduced CE-SDS (NR­
CE-SDS) electropherograms for Example 6: full scale (FIG. 
32A) and expanded scale (FIG. 32B). 

FIGS. 33A and 33B depict reduced CE-SDS (R-CE-SDS) 
electropherograms for Example 6: full scale (FIG. 33A), and 
expanded scale (FIG. 33B). 

FIG. 34 provides a comparison of NR-CE-SDS and 
R-CE-SDS electropherograms for an acid treated sample 
( expanded scale). 

FIG. 35 depicts correlation of Fab quantitation between 
NR-CE-SDS and SE-HPLC. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

I. Definitions 

"Paired cysteines" herein refers to two cysteine residues 
that form a disulfide bond in a protein, such as an antibody. 
Such disulfide bond can be an inter-chain disulfide bond 
( e.g. disulfide bond between heavy and light chains of an 

FIG. 19 depicts peptide mapping confirming Pertuzumab 
free thiol Fab contains free Cys23 and Cys88 at the light 
chain thereof. L2 peptide from the Fab containing free thiols 
was labeled by NEM and thus shifted in the peptide map 
analysis. 

FIGS. 20A, 20B, and 20C depict schematically: main 
species or wild type IgGl (FIG. 20A), Cys23/Cys88 het­
erodimer variant (FIG. 20B), and Cys23/Cys88 homodimer 
variant (FIG. 20C). 

50 antibody, or between two heavy chains of an antibody), or 
intra-chain disulfide bond (e.g. within a light chain of an 
antibody or within a heavy chain of an antibody). Most IgG 1 
antibodies comprise four inter-chain disulfide bonds and 
twelve intra-chain disulfide bonds. See FIG. 6. 

FIG. 21 depicts % G0-F versus ADCC activity for Per- 55 

tuzumab batches using the assay in Example 4 herein. 
An "unpaired cysteine variant" is a variant of a protein 

( e.g. an antibody such as Pertuzumab) in which one or more 
paired cysteines are not in the disulfide bonded state. Such 
unpaired cysteines may not have been paired to form a 
disulfide bond ( e.g. when the protein originally folded into 

FIG. 22 depicts schematically binding of Pertuzumab at 
the heterodimeric binding site of HER2, thereby preventing 
heterodimerization with activated EGFR or HER3. 

FIG. 23 compares activities ofTrastuzumab (which binds 
to Subdomain IV near the juxtamembrane domain of HER2 
ECD) and Pertuzumab (which binds to Subdomain II of 
HER2 ECD). 

FIGS. 24A and 24B depict oligosaccharide structures 
attached to an IgG antibody. 

FIG. 25 depicts Size Exclusion Chromatography (SEC) 
analysis of Pertuzumab (full scale). 

60 its tertiary structure) or may have formed a disulfide bond 
but which has later broken ( e.g. during manufacture or upon 
storage). The unpaired cysteines are often referred to as free 
thiols or free sulfhydryls. In one embodiment, the unpaired 
cysteines are from an intra-chain disulfide bond. In one 

65 embodiment, the unpaired cysteines are in a light chain, e.g. 
a variable light domain of the antibody. In one embodiment, 
the unpaired cysteine variant is a Cys23/Cys88 variant. 
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A "Cys23/Cys88" unpaired cysteine variant lacks an 
intra-molecular disulfide bond at cysteine residues 23 and 88 
in one or both variable light domains of the antibody. See 
FIGS. 20(b) and (c) herein. 

A "homodimer variant" lacks Cys23/Cys88 disulfide 5 

bonds in both variable light domains of the antibody. See 
FIG. 20(c) herein. 

A "heterodimer variant" lacks only one Cys23/Cys88 
disulfide bond in one variable light domain of an antibody. 
See FIG. 20(b) herein. 10 

An "afucosylated variant" is a glycosylation variant of an 
antibody in which one or both of the oligosaccharide struc­
tures attached to residue Asn299 of one or both heavy chains 
lacks fucose, e.g. lacks Fuca(l->6), in the core oligosac- 15 
charide structure. 

A "low-molecular-weight-species" or "LMWS" of Per­
tuzumab comprises a fragment of Pertuzumab that has a 
molecular weight less than that of main species or intact 
Pertuzumab ( e.g. where the intact Pertuzumab has a molecu- 20 

lar weight of about 145,197 Da measuring its peptide chains 
only). The LMWS can be detected by size exclusion high 
performance liquid chromatography (SE-HPLC) and/or 
non-reduced Capillary Electrophoresis with Sodium 
Dodecyl Sulfate (CE-SDS) for example as in Example 5. In 25 

one embodiment, the LMWS comprises or consists of"Peak 
6" as obtained by CE-SDS (see, e.g., Example 5). 

A "high-molecular-weight-species" or "HMWS" com­
prises a preparation of Pertuzumab having a molecular 
weight that is greater than the main species or intact Per- 30 

tuzumab ( e.g. where the intact Pertuzumab has a molecular 
weight of about 145,197 Da measuring its peptide chains 
only). The HMWS can be detected by size exclusion high 
performance liquid chromatography (SE-HPLC) and/or 
non-reduced Capillary Electrophoresis with Sodium 35 

Dodecyl Sulfate (CE-SDS) assay for example as in Example 
5. 

"Peak 1" herein refers to Pertuzumab fragment(s) which 
are of a size smaller than Pertuzumab light chain (LC). Peak 
1 fragment(s) can be separated from main species Per- 40 

tuzumab by CE-SDS assay, preferably by reduced CE-SDS 
(R-CE-SDS) assay. See, for example, FIG. 33B, Table 16, 
and Table 18 herein. Preferably, the amount of peak 1 in a 
Pertuzumab composition is s0.5%. Optionally, the R-CE­
SDS assay is carried out as described in Example 6 and the 45 

corrected peak area (CPA) provides the % peak 1 in a 
composition. 

"Peak 2" herein refers to Pertuzumab fragment(s) which 
are of a size larger than Pertuzumab light chain (LC) and 
smaller than Pertuzumab non-glycosylated heavy chain 50 

(NGHC). Peak 2 can be separated from main species Per­
tuzumab by CE-SDS, preferably by reduced (R-CE-SDS) 
assay. Peak 2 excludes peak 3 that can appear during 
R-CE-SDS assay as explained in Example 6 herein. See, for 
example, FIG. 33B, Table 16, and Table 18 herein. Prefer- 55 

ably, the amount of peak 2 in a Pertuzumab composition is 
sl.0%. Optionally, the R-CE-SDS assay is carried out as 
described in Example 6 and the corrected peak area (CPA) 
provides the % peak 2 in a composition. 

"Fragmentation" refers to polypeptide chain cleavage, 60 

e.g. cleavage of Pertuzumab light chain and/or heavy chain. 
It does not include the dissociation of non-covalently asso­
ciated polypeptide chains during NR-CE-SDS analysis, for 
example. 

An "analytical assay" is an assay which qualitatively 65 

assesses and/or quantitatively measures the presence or 
amount of an analyte (e.g. an antibody variant) in a com-

8 
position. The composition subjected to the assay can be a 
purified composition, including a pharmaceutical composi­
tion. 

A "Fab hydrophobic interaction chromatograpy assay" or 
"Fab HIC assay" comprises generating fragments (e.g. Fab 
fragments) of the antibodies in a composition ( e.g. using 
papain enzyme) and subjecting the antibody fragments thus 
generated to HIC in order to separate unpaired cysteine 
variants from main species Pertuzumab. An exemplarly such 
assay is disclosed in Example 1 herein. 

A "HER receptor" is a receptor protein tyrosine kinase 
which belongs to the HER receptor family and includes 
EGFR, HER2, HER3 and HER4 receptors. The HER recep­
tor will generally comprise an extracellular domain, which 
may bind an HER ligand and/or dimerize with another HER 
receptor molecule; a lipophilic transmembrane domain; a 
conserved intracellular tyrosine kinase domain; and a car­
boxyl-terminal signaling domain harboring several tyrosine 
residues which can be phosphorylated. 

The expression "HER2" refers to human HER2 protein 
described, for example, in Semba et al., PNAS (USA) 
82:6497-6501 (1985) and Yamamoto et al. Nature 319:230-
234 (1986) (Genebank accession number X03363). 

Herein, "HER2 extracellular domain" or "HER2 ECD" 
refers to a domain of HER2 that is outside of a cell, either 
anchored to a cell membrane, or in circulation, including 
fragments thereof. The amino acid sequence of HER2 is 
shown in FIG. 1. In one embodiment, the extracellular 
domain of HER2 may comprise four domains: "Subdomain 
I" (amino acid residues from about 1-195; SEQ ID NO:1), 
"Subdomain II" (amino acid residues from about 196-319; 
SEQ ID NO:2), "Subdomain III" (amino acid residues from 
about 320-488: SEQ ID NO:3), and "Subdomain IV" (amino 
acid residues from about 489-630; SEQ ID NO:4) (residue 
numbering without signal peptide). See Garrett et al. Mal. 
Cell. 11: 495-505 (2003), Cho et al. Nature 421: 756-760 
(2003), Franklin et al. Cancer Cell 5:317-328 (2004), and 
Plowman et al. Proc. Natl. Acad. Sci. 90:1746-1750 (1993), 
as well as FIG. 1 herein. 

A "HER dimer" herein is a noncovalently associated 
dimer comprising at least two HER receptors. Such com­
plexes may form when a cell expressing two or more HER 
receptors is exposed to an HER ligand and can be isolated 
by immunoprecipitation and analyzed by SDS-PAGE as 
described in Sliwkowski et al., J. Biol. Chem., 269(20): 
14661-14665 (1994), for example. Other proteins, such as a 
cytokine receptor subunit (e.g. gp130) may be associated 
with the dimer. Preferably, the HER dimer comprises HER2. 

A "HER heterodimer" herein is a noncovalently associ­
ated heterodimer comprising at least two different HER 
receptors, such as EGFR-HER2, HER2-HER3 or HER2-
HER4 heterodimers. 

"HER activation" refers to activation, or phosphorylation, 
of any one or more HER receptors. Generally, HER activa­
tion results in signal transduction ( e.g. that caused by an 
intracellular kinase domain of a HER receptor phosphory­
lating tyrosine residues in the HER receptor or a substrate 
polypeptide). HER activation may be mediated by HER 
ligand binding to a HER dimer comprising the HER receptor 
of interest. HER ligand binding to a HER dimer may activate 
a kinase domain of one or more of the HER receptors in the 
dimer and thereby results in phosphorylation of tyrosine 
residues in one or more of the HER receptors and/or 
phosphorylation of tyrosine residues in additional substrate 
polypeptides(s), such as Akt or MAPK intracellular kinases. 

"Humanized" forms of non-human (e.g., rodent) antibod­
ies are chimeric antibodies that contain minimal sequence 
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derived from non-human immunoglobulin. For the most 
part, humanized antibodies are human immunoglobulins 
(recipient antibody) in which residues from a hypervariable 
region of the recipient are replaced by residues from a 
hypervariable region of a non-human species (donor anti- 5 

body) such as mouse, rat, rabbit or nonhuman primate 
having the desired specificity, affinity, and capacity. In some 
instances, framework region (FR) residues of the human 
immunoglobulin are replaced by corresponding non-human 
residues. Furthermore, humanized antibodies may comprise 10 

residues that are not found in the recipient antibody or in the 
donor antibody. These modifications are made to further 
refine antibody performance. In general, the humanized 
antibody will comprise substantially all of at least one, and 
typically two, variable domains, in which all or substantially 15 

all of the hypervariable loops correspond to those of a 
non-human immunoglobulin and all or substantially all of 
the FRs are those of a human immunoglobulin sequence. 
The humanized antibody optionally also will comprise at 
least a portion of an immunoglobulin constant region (Fe), 20 

typically that of a human immunoglobulin. For further 
details, see Jones et al., Nature 321:522-525 (1986); Riech­
mann et al., Nature 332:323-329 (1988); and Presta, Curr. 
Op. Struct. Biol. 2:593-596 (1992). Humanized HER2 anti­
bodies specifically include Trastuzumab and humanized 2C4 25 

antibodies such as Pertuzumab as described and defined 
herein. 

An "intact antibody" herein is one which comprises two 
antigen binding regions, and an Fe region. Preferably, the 
intact antibody has a functional Fe region. In one embodi- 30 

ment, "intact Pertuzumab" has a molecular weight of about 
145,197 Da measuring its peptide chains only. 

The term "hypervariable region" when used herein refers 
to the amino acid residues of an antibody which are respon­
sible for antigen-binding. The hypervariable region gener- 35 

ally comprises amino acid residues from a "complementarity 
determining region" or "CDR" (e.g. residues 24-34 (Ll), 
50-56 (L2) and 89-97 (L3) in the light chain variable domain 
and 31-35 (Hl), 50-65 (H2) and 95-102 (H3) in the heavy 
chain variable domain; Kabat et al., Sequences of Proteins of 40 

Immunological Interest, 5th Ed. Public Health Service, 
National Institutes of Health, Bethesda, Md. (1991 )) and/or 
those residues from a "hypervariable loop" (e.g. residues 
26-32 (Ll), 50-52 (L2) and 91-96 (L3) in the light chain 
variable domain and 26-32 (Hl), 53-55 (H2) and 96-101 45 

(H3) in the heavy chain variable domain; Chothia and Lesk 
J. Mal. Biol. 196:901-917 (1987)). "Framework Region" or 
"FR" residues are those variable domain residues other than 
the hypervariable region residues as herein defined. 

10 
index as in Kabat et al., Sequences of Proteins of Immuno­
logical Interest, 5th Ed. Public Health Service, National 
Institutes of Health, Bethesda, MD (1991 ), expressly incor-
porated herein by reference. The "EU index as in Kabat" 
refers to the residue numbering of the human IgG 1 EU 
antibody. 

A "functional Fe region" possesses an "effector function" 
of a native sequence Fe region. Exemplary "effector func­
tions" include Clq binding; complement dependent cyto­
toxicity; Fe receptor binding; antibody-dependent cell-me­
diated cytotoxicity (ADCC); phagocytosis; down regulation 
of cell surface receptors (e.g. B cell receptor; BCR), etc. 
Such effector functions generally require the Fe region to be 
combined with a binding domain ( e.g. an antibody variable 
domain) and can be assessed using various assays. 

A "native sequence Fe region" comprises an amino acid 
sequence identical to the amino acid sequence of an Fe 
region found in nature. Native sequence human Fe regions 
include a native sequence human IgG 1 Fe region (non-A and 
A allotypes); native sequence human IgG2 Fe region; native 
sequence human IgG3 Fe region; and native sequence 
human IgG4 Fe region as well as naturally occurring vari­
ants thereof. 

A "naked antibody" is an antibody that is not conjugated 
to a heterologous molecule, such as a cytotoxic moiety or 
radio label. 

The term "main species antibody" or "wild type antibody" 
herein refers to the antibody amino acid sequence structure 
in a composition which is the quantitatively predominant 
antibody molecule in the composition. Preferably, the main 
species antibody is a HER2 antibody, such as an antibody 
that binds to Subdomain II of HER2, antibody that inhibits 
HER dimerization more effectively than Trastuzumab, and/ 
or binds to a heterodimeric binding site on HER2. In one 
embodiment, the main species antibody is one comprising 
CDR-Hl (SEQ ID NO: 17 or 23), CDR-H2 (SEQ ID NO: 
18), and CDR-H3 (SEQ ID NO: 19), CDR-Ll (SEQ ID NO: 
20), CDR-L2 (SEQ ID NO: 21 or 24) and CDR-L3 (SEQ ID 
NO: 22), the VL and VH amino acid sequences in SEQ ID 
NOs. 7 and 8, respectively (see FIGS. 2A-2B), and option­
ally, the light chain amino acid sequences in SEQ ID NOs. 
11 or 15 and heavy chain amino acid sequences in SEQ ID 
NOs. 12 or 16 (see FIGS. 3A-3B and SA-SB). In one 
embodiment, the main species antibody is Pertuzumab. 

An antibody which "inhibits HER dimerization" is an 
antibody which inhibits, or interferes with, formation of a 
HER dimer or heterodimer. In one embodiment, such an 
antibody binds to HER2 at the heterodimeric binding site 
thereof. The most preferred dimerization inhibiting antibody 

The term "Fe region" herein is used to define a C-terminal 
region of an immunoglobulin heavy chain, including native 
sequence Fe regions and variant Fe regions. Although the 
boundaries of the Fe region of an immunoglobulin heavy 
chain might vary, the human IgG heavy chain Fe region is 
usually defined to stretch from an amino acid residue at 
position Cys226, or from Pro230, to the carboxyl-terminus 
thereof. The C-terminal lysine (residue 449 according to the 

50 herein is Pertuzumab. 

EU numbering system) of the Fe region may be removed, for 
example, during production or purification of the antibody, 
or by recombinantly engineering the nucleic acid encoding 
a heavy chain of the antibody. Accordingly, a composition of 
intact antibodies may comprise antibody populations with 
all K449 residues removed, antibody populations with no 
K449 residues removed, and antibody populations having a 
mixture of antibodies with and without the K449 residue. 

Unless indicated otherwise, herein the numbering of the 
residues in an immunoglobulin heavy chain is that of the EU 

A "heterodimeric binding site" on HER2, refers to a 
region in the extracellular domain of HER2 that contacts, or 
interfaces with, a region in the extracellular domain of 
EGFR, HER3 or HER4 upon formation of a dimer there-

55 with. The region is found in Subdomain II ofHER2 (SEQ ID 
NO: 2). Franklin et al. Cancer Cell 5:317-328 (2004). 

A HER2 antibody that "binds to a heterodimeric binding 
site" of HER2, binds to residues in Subdomain II (SEQ ID 
NO: 2) and optionally also binds to residues in other of the 

60 domains of the HER2 extracellular domain, such as Subdo­
mains I and III (SEQ ID NOs: 1 and 3), and can sterically 
hinder, at least to some extent, formation of a HER2-EGFR, 
HER2-HER3, or HER2-HER4 heterodimer. Franklin et al. 
Cancer Cell 5:317-328 (2004) characterize the HER2-Per-

65 tuzumab crystal structure, deposited with the RCSB Protein 
Data Bank (ID Code IS78), illustrating an exemplary anti­
body that binds to the heterodimeric binding site of HER2. 
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An antibody that "binds to Subdomain II" ofHER2 binds 
to residues in Subdomain II (SEQ ID NO: 2) and optionally 
residues in other Subdomain(s) of HER2, such as Subdo­
mains I and III (SEQ ID NOs: 1 and 3, respectively). 

12 
that cannot be chemically reduced to heavy chain and light 
chain by treatment with a reducing agent such as dithio­
threitol. Such variants can be assessed by treating the 
composition with a reducing agent and evaluating the result­
ing composition using a methodology that evaluates protein 
size, such as Capillary Electrophoresis with Sodium 
Dodecyl Sulfate (CE-SDS), for instance using the tech­
niques described in WO 2009/099829 (Harris et al.). 

A "glycosylation variant" antibody herein is an antibody 

For the purposes herein, "Pertuzumab" and "rhuMAb 
2C4", which are used interchangeably, refer to an antibody 
comprising the variable light (VL) and variable heavy (VH) 
amino acid sequences in SEQ ID NOs: 7 and 8, respectively. 
FIGS. 22 and 23 herein illustrate exemplary biological 
functions of Pertuzumab. Where Pertuzumab is an intact 
antibody, it preferably comprises an IgG 1 antibody; in one 
embodiment comprising the light chain amino acid sequence 

10 with one or more carbohydrate moeities attached thereto 
which differ from one or more carbohydrate moieties 
attached to a main species antibody. In one embodiment, the 
glycosylation variant has oligosaccharide structures attached in SEQ ID NO: 11 or 15, and heavy chain amino acid 

sequence in SEQ ID NO: 12 or 16. The antibody is option­
ally produced by recombinant Chinese Hamster Ovary 15 

(CHO) cells. The terms "Pertuzumab" and "rhuMAb 2C4" 
herein cover biosimilar or intended copies of the drug with 
the United States Adopted Name (USAN) or International 
Nonproprietary Name (INN): Pertuzumab. 

For the purposes herein, "Trastuzumab" and 20 

rhuMAb4D5", which are used interchangeably, refer to an 
antibody comprising the variable light (VL) and variable 
heavy (VH) amino acid sequences from within SEQ ID Nos: 
13 and 14, respectively (see FIGS. 4A-4B). Where 
Trastuzumab is an intact antibody, it preferably comprises an 25 

IgG 1 antibody; in one embodiment comprising the light 
chain amino acid sequence of SEQ ID NO: 13 and the heavy 
chain amino acid sequence of SEQ ID NO: 14. The antibody 
is optionally produced by Chinese Hamster Ovary (CHO) 
cells. The terms "Trastuzumab" and "rhuMAb4D5" herein 30 

cover biosimilar or intended copies of the drug with the 
United States Adopted Name (USAN) or International Non­
proprietary Name (INN): Trastuzumab. 

to one or both heavy chains of an antibody, e.g. at residue 
299 of the heavy chain. In one embodiment, the main species 
antibody ( e.g. Pertuzumab) comprises GO oligosaccharide as 
the predominant oligosaccharide attached to its Fe region. 
Exemplary oligosaccharide structures attached to IgG 1 are 
depicted in FIGS. 24A-24B. Examples of glycosylation 
variants herein include afucosylated variant, antibody with a 
Gl or G2 oligosaccharide structure, instead a GO oligosac-
charide structure, attached to an Fe region thereof ("Gl 
glycosylation variant" or "G2 glycosylation variant"), anti­
body with no carbohydrate attached to one or two heavy 
chains of the antibody ("non-glycosylated heavy chain vari­
ant"), sialylated variant, etc, as well as combinations of such 
glycosylation alterations. See, e.g. U.S. Pat. No. 7,560,111 
(Kao et al.). 

Where the antibody has an Fe region, an oligosaccharide 
structure may be attached to one or two heavy chains of the 
antibody, e.g. at residue 299. In one embodiment, GO is the 
predominant oligosaccharide structure, with other oligosac­
charide structures such as G0-F, G-1, Man5, Man6, Gl-1, 
Gl(l-6), Gl(l-3) and G2 being found in lesser amounts in 

35 the composition. 
An "amino acid sequence variant" antibody herein is an 

antibody with an amino acid sequence which differs from a 
main species antibody. Ordinarily, amino acid sequence 
variants will possess at least about 70% homology with the 
main species antibody, and preferably, they will be at least 
about 80%, and more preferably at least about 90% homolo­
gous with the main species antibody. The amino acid 
sequence variants possess substitutions, deletions, and/or 
additions at certain positions within or adjacent to the amino 
acid sequence of the main species antibody. Examples of 
amino acid sequence variants herein include deamidated 
antibody variant, antibody with an amino-terminal leader 45 

extension ( e.g. VHS-) on one or two light chains thereof, 
antibody with a C-terminal lysine residue on one or two 
heavy chains thereof, etc, and includes combinations of 
variations to the amino acid sequences of heavy and/or light 
chains. 

An "acidic variant" is a variant of the main species 
antibody which is more acidic than the main species anti­
body. An acidic variant has gained negative charge or lost 
positive charge relative to the main species antibody. Such 
acidic variants can be resolved using a separation method­
ology, such as ion exchange chromatography, that separates 
proteins according to charge. Acidic variants of a main 
species antibody elute earlier than the main peak upon 
separation by cation exchange chromatography. 

A "disulfide reduced variant" has one or more inter-chain 
disulfide-bonded cysteine(s) chemically reduced to the free 
thiol form. This variant can be monitored by non-reduced 
Capillary Electrophoresis with Sodium Dodecyl Sulfate 
(CE-SDS), e.g. as described in WO 2009/099829 (Harris et 
al.). 

Herein, a "non-reducible variant" or "incompletely 
reduced variant" is a variant of the main species antibody 

Unless indicated otherwise, a "Gl oligosaccharide struc­
ture" herein includes Gl(l-6) and Gl(l-3) structures. 

For the purposes herein, "sialylated variant" is a variant of 
the main species antibody comprising one or more sialylated 

40 carbohydrate moieties attached to one or two heavy chains 
thereof. A sialylated variant can be identified by evaluating 
a composition (for example by ion exchange chromatogra­
phy) with or without sialidase treatment, e.g. as described in 
WO 2009/099829. 

A "glycated variant" is an antibody to which a sugar, such 
as glucose, has been covalently attached, e.g. to one or both 
light chains thereof. This addition can occur by reaction of 
glucose with a lysine residue on the protein ( e.g. in cell 
culture media). A glycated variant can be identified by mass 

50 spectrometry analysis of the reduced antibody evaluating the 
increase in mass of heavy or light chains. A glycated variant 
can also be quantified by boronate chromatography as 
explained in WO 2009/099829 (Harris et al.). 

A "deamidated" antibody is one in which one or more 
55 asparagine residues thereof has been derivitized, e.g. to an 

aspartic acid, a succinimide, or an iso-aspartic acid. An 
example of a deamidated antibody is a pertuzumab variant, 
wherein Asn-386 and/or Asn-391 on one or two heavy 
chains of pertuzumab are deamidated. See WO 2009/099829 

60 (Harris et al.), for example. 
An "amino-terminal leader extension variant" herein 

refers to a main species antibody with one or more amino 
acid residues of the amino-terminal leader sequence at the 
amino-terminus of any one or more heavy or light chains of 

65 the main species antibody. An exemplary amino-terminal 
leader extension comprises or consists of three amino acid 
residues, VHS-, present on one or both light chains of an 
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antibody variant, designated a "VHS-variant" herein. See, 
U.S. Pat. No. 7,560,111 (Kao et al.). 

A "C-terminal lysine variant" refers to a variant compris­
ing a lysine (K) residue at the C-terminus of the heavy chain 
thereof. See, U.S. Pat. No. 7,560,111 (Kao et al.). 

A "methionine-oxidized variant" refers to a variant com­
prising one or more oxidized methionine residues therein, 
e.g. oxidized Met-254. See, U.S. Pat. No. 7,560,111 (Kao et 
al.). 

14 
in which cancer is to be prevented. Hence, the patient to be 
treated herein may have been diagnosed as having cancer or 
may be predisposed or susceptible to cancer. 

The term "cancer" refers to the physiological condition in 
mammals that is typically characterized by unregulated cell 
growth. Examples of cancer herein include breast cancer 
(e.g. metastatic breast cancer), gastric (or stomach) cancer, 
ovarian cancer, primary peritoneal cancer, and fallopian tube 
cancer. Examples of cancer herein include HER2-positive 
cancer and low HER3 cancer. 

The term "effective amount" refers to an amount of a drug 
effective to treat cancer in the patient. The effective amount 
of the drug may reduce the number of cancer cells; reduce 
the tumor size; inhibit (i.e., slow to some extent and pref­
erably stop) cancer cell infiltration into peripheral organs; 
inhibit (i.e., slow to some extent and preferably stop) tumor 

10 metastasis; inhibit, to some extent, tumor growth; and/or 
relieve to some extent one or more of the symptoms asso­
ciated with the cancer. To the extent the drug may prevent 
growth and/or kill existing cancer cells, it may be cytostatic 

A cancer or biological sample which "displays HER 
expression, amplification, or activation" is one which, in a 
diagnostic test, expresses (including overexpresses) a HER 
receptor, has amplified HER gene, and/or otherwise dem­
onstrates activation or phosphorylation of a HER receptor. 

15 and/or cytotoxic. The effective amount may extend progres­
sion free survival ( e.g. as measured by Response Evaluation 
Criteria for Solid Tumors, RECIST, or CA-125 changes), 
result in an objective response (including a partial response, 
PR, or complete response, CR), increase overall survival 

20 time, and/or improve one or more symptoms of cancer ( e.g. 
as assessed by FOSI). 

A "HER2-positive" cancer comprises cancer cells which 
have higher than normal levels of HER2. Examples of 
HER2-positive cancer include HER2-positive breast cancer 
and HER2-positive gastric cancer. Methods for identifying 
HER2-positive cancer include: assays that measure HER2 
protein such as immunohistochemistry assay (IHC), assays 
that measure HER2-encoding nucleic acid such as in situ 
hybridization (ISH), including fluorescent in situ hybridiza­
tion (FISH; see WO98/45479 published October, 1998) and 
chromogenic in situ hybridization (CISH; see, e.g. Tanner et 

A "fixed" or "flat" dose of a therapeutic agent herein 
refers to a dose that is administered to a human patient 
without regard for the weight (WT) or body surface area 

25 (BSA) of the patient. The fixed or flat dose is therefore not 
provided as a mg/kg dose or a mg/m2 dose, but rather as an 
absolute amount of the therapeutic agent. 

A "container" refers to an object that can be used to hold 
or contain a pharmaceutical composition or composition. 

30 Examples of containers herein include a vial, syringe, intra­
venous bag, etc. 

al., Am. J. Pathol. 157(5): 1467-1472 (2000); Bella et al., J. 
Clin. Oneal. 26: (May 20 suppl; abstr 22147) (2008)), 
southern blotting, or polymerase chain reaction (PCR) tech­
niques, such as quantitative real time PCR (qRT-PCR); shed 35 

antigen (e.g. HER2 ECD) assays (see, e.g., U.S. Pat. No. 
4,933,294 issued Jun. 12, 1990; and U.S. Pat. No. 5,401,638 
issued Mar. 28, 1995); and in vivo assays. Optionally, 
HER2-positive cancer has an immunohistochemistry (IHC) 
score of 2+ or 3+ and/or an in situ hybridization (ISH) 40 

amplification ratio 2:2.0. 
A "low HER3" cancer comprises cancer cells which have 

lower than normal levels of HER3. Examples of low HER3 
cancers include ovarian, primary peritoneal, and fallopian 
tube carcinoma. See, for example, U.S. Pat. No. 7,981,418 45 

(Amler et al.). In one embodiment, low HER3 is determined 
based on HER3 mRNA expression levels ( concentration 
ratio equal or lower than 2.81, as assessed by qRT-PCR on 
a COBAS z480® instrument). 

The "epitope 2C4" is the region in the extracellular 50 

domain of HER2 to which the antibody 2C4 binds. In order 
to screen for antibodies which bind essentially to the 2C4 
epitope, a routine cross-blocking assay such as that 
described in Antibodies, A Laboratory Manual, Cold Spring 
Harbor Laboratory, Ed Harlow and David Lane (1988), can 55 

be performed. Preferably the antibody blocks 2C4's binding 
to HER2 by about 50% or more. Alternatively, epitope 
mapping can be performed to assess whether the antibody 
binds essentially to the 2C4 epitope of HER2. Epitope 2C4 
comprises residues from Subdomain II (SEQ ID NO: 2) in 60 

the extracellular domain of HER2. 2C4 and Pertuzumab 

An "intravenous bag" or "IV bag" is a bag that can hold 
a solution which can be administered via the vein of a 
patient. In one embodiment, the solution is a saline solution 
(e.g. about 0.9% or about 0.45% NaCl). Optionally, the IV 
bag is formed from polyolefin or polyvinal chloride. 

A "vial" is a container suitable for holding a liquid or 
lyophilized preparation. In one embodiment, the vial is a 
single-use vial, e.g. a 20-cc single-use vial with a stopper. 

A "package insert" is a leaflet that, by order of the Food 
and Drug Administration (FDA) or other regulatory author­
ity, must be placed inside the package of every prescription 
drug. The leaflet generally includes the trademark for the 
drug, its generic name, and its mechanism of action; states 
its indications, contraindications, warnings, precautions, 
adverse effects, and dosage forms; and includes instructions 
for the recommended dose, time, and route of administra-
tion. 

A "pharmaceutical composition" is a composition com­
prising a pharmaceutically active drug ( e.g. Pertuzumab and 
variant forms such as those disclosed herein) and one or 
more "pharmaceutically active excipients" (e.g. buffer, sta­
bilizer, tonicity modifier, preservative, surfactant, etc) that 
can be safely administered to a human patient. Such com-
positions may be liquid or lyophilized, for example. 

A "recombinant" protein is one which has been produced 
by a genetically modified host cell, such as a Chinese 
Hamster Ovary (CHO) host cell. 

"Manufacturing scale" refers to production of a protein 
drug (e.g. antibody) at a commercial scale, e.g. at 12,000 
liter (L) or more, using a commercial process approved by 
the FDA or other regulatory authority. binds to the extracellular domain of HER2 at the junction of 

Subdomains I, II and III (SEQ ID NOs: 1, 2, and 3, 
respectively). Franklin et al. Cancer Cell 5:317-328 (2004). 

"Treatment" refers to both therapeutic treatment and 
prophylactic or preventative measures. Those in need of 
treatment include those already with cancer as well as those 

"Purifying" refers to one or more purification steps, such 
as Protein A chromatography, ion exchange chromatogra-

65 phy, etc. 
"Isolated" variant refers to the variant which has been 

separated from the main species or wild-type antibody by 
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one or more purification or analytical procedures. Such 
isolated variant can be evaluated for its biological activity 
and/or potency. 

16 
H34, H35, H64, H96, H99, or combinations of two or more 
(e.g. two, three, four, five, six, or seven of these residues). 
Examples of variable light CDR residues for alteration 
include L28, L50, L53, L56, L91, L92, L93, L94, L96, L97 

II. Antibody Compositions 

Main Species Antibody 

5 or combinations of two or more (e.g. two to three, four, five 
or up to about ten of these residues). 

The antibody compositions herein comprise an antibody 
that binds HER2 (a HER2 antibody), optionally a human­
ized HER2 antibody. The humanized antibodies herein may, 
for example, comprise nonhuman hypervariable region resi­
dues incorporated into a human variable heavy domain and 
may further comprise a framework region (FR) substitution 

Various forms of the humanized antibody or affinity 
matured antibody are contemplated. For example, the 
humanized antibody or affinity matured antibody. Altema­

lO tively, the humanized antibody or affinity matured antibody 
may be an intact antibody, such as an intact IgG 1 antibody. 

at a position selected from the group consisting of 69H, 71H 
and 73H utilizing the variable domain numbering system set 
forth in Kabat et al., Sequences of Proteins of Immunological 
Interest, 5th Ed. Public Health Service, National Institutes of 
Health, Bethesda, Md. (1991). In one embodiment, the 
humanized antibody comprises FR substitutions at two or all 
of positions 69H, 71H and 73H. 

Preferably, the HER2 antibody ( either or both of the main 
species HER2 antibody and antibody variant thereof) is one 

15 which binds to Subdomain II of HER2, inhibits HER 
dimerization more effectively than Trastuzumab, and/or 
binds to a heterodimeric binding site ofHER2. The preferred 
embodiment herein of the main species antibody is one 
comprising the variable light and variable heavy amino acid 

An exemplary humanized antibody of interest herein 
comprises VH CDR residues: 

GFTFTDYTMX (SEQ ID NO: 17), where X is preferably 

20 sequences in SEQ ID Nos. 3 and 4, and most preferably 
comprising the light chain amino acid sequences in SEQ ID 
No. 11 or 15 and heavy chain amino acid sequence in SEQ 
ID No. 12 or 16. 

D or S, e.g. GFTFTDYTMD (SEQ ID NO: 23) for 
CDR-Hl; 

DVNPNSGGSIYNQRFKG (SEQ ID NO: 18) for CDR­
H2; and/or 

25 

NLGPSFYFDY (SEQ ID NO: 19) for CDR-H3, option­
ally comprising amino acid modifications of those 
CDR residues, e.g. where the modifications essentially 30 

maintain or improve affinity of the antibody. For 
example, an antibody variant for use in the methods of 
the present invention may have from about one to about 
seven or about five amino acid substitutions in the 
above variable heavy CDR sequences. Such antibody 35 

variants may be prepared by affinity maturation, e.g., as 
described below. 

(ii) Unpaired Cysteine Variants 
Examples 1 and 3 herein describe unpaired cysteine 

variants of Pertuzumab. Analytical assays for isolating, 
characterizing, and quantifying such variants include assays 
which specifically evaluate intra-chain disulfide bonds (as 
distinct from inter-chain disulfide bonds), for example, 
Hydrophobic Interaction Chromatography (HIC) analysis of 
antibody fragments ( e.g. of Fab fragment) as in Example 1, 
HIC of an intact antibody as in Example 1, peptide mapping 
analysis of differentially tagged antibodies as in Example 3, 
and/or Reversed Phase High Performance Liquid Chroma­
tography (RP-HPLC) as in Example 3 herein and in Zhang 
et al. Anal. Chem. 84(16):7112-7123 (2012). 

The humanized antibody may comprise VL CDR resi­
dues: 

KASQDVSIGVA (SEQ ID NO: 20) for CDR-Ll; 
SASYX1X2X3

, where X1 is preferably R or L, X2 is 
preferably Y or E, and X3 is preferably T or S (SEQ ID 
NO: 21), e.g. SASYRYT (SEQ ID NO: 24) for CDR-

Generally, the predominant form of Pertuzumab com­
prises a disulfide bond between Cys23 and Cys88 in both of 

40 the VL domains of its two Fab domains. See FIG. 6. 

L2; and/or 

One unpaired cysteine variant herein, a heterodimer vari­
ant, lacks the Cys23/Cys88 disulfide bond in the variable 
light (VL) domain of only one of it two Fab regions. See 
FIG. 20(b). This was determined to be the predominant 

QQYYIYPYT (SEQ ID NO: 22) for CDR-L3, 45 unpaired cysteine variant. 
e.g. in addition to those variable heavy domain CDR resi­
dues in the preceding paragraph. 

Such humanized antibodies optionally comprise amino 
acid modifications of the above CDR residues, e.g. where 

A further unpaired cysteine variant herein, a homodimer 
variant, lacks the Cys23/Cys88 disulfide bonds in both of its 
Fab regions. See FIG. 20(c). 

In one embodiment, the amount of the unpaired cysteine 
variant in the composition (including homodimer and het­
erodimer variant) is sabout 25%, for example, as determined 
by Fab hydrophobic interaction chromatography (HIC). 

the modifications essentially maintain or improve affinity of 50 

the antibody. For example, the antibody variant of interest 
may have from about one to about seven or about five amino 
acid substitutions in the above variable light CDR 
sequences. Such antibody variants may be prepared by 
affinity maturation. 

In one embodiment, the amount of the homodimer variant 
in the composition is s4.9% as determined by HIC of intact 

55 antibody. 
The present application also contemplates affinity 

matured antibodies which bind HER2. The parent antibody 
may be a human antibody or a humanized antibody, e.g., one 
comprising the variable light and/or variable heavy 
sequences of SEQ ID NOs. 7 and 8, respectively (i.e. 60 

comprising the VL and/or VH of Pertuzumab ). An affinity 
matured variant of Pertuzumab preferably binds to HER2 
receptor with an affinity superior to that of murine 2C4 or 
Pertuzumab ( e.g. from about two or about four fold, to about 
100 fold or about 1000 fold improved affinity, e.g. as 65 

assessed using a HER2 ECD ELISA). Exemplary variable 
heavy CDR residues for substitution include H28, H30, 

In one embodiment, the amount of heterodimer variant in 
the composition is from about 13% to about 18%, for 
example, as determined by HIC of intact antibody. 

The composition optionally further comprises one or 
more additional variants as described below. 

The invention also concerns an isolated unpaired cysteine 
variant of Pertuzumab, wherein the unpaired cysteine vari­
ant comprises Cys23/Cys88 unpaired cysteines in one or 
both variable light domains of Pertuzumab. Such isolated 
unpaired cysteine variant may comprise or consist of a 
heterodimer variant and/or a homodimer variant. Such vari-
ants can be isolated using HIC or other purification methods, 
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and may be subjected to a biological assay such as the 
potency assay (using HER2-positive breast cancer cells) as 
in Example 1 below. 
(iii) Afucosylated Variant 

Examples 2 and 4 herein describe afucosylated variants of 
Pertuzumab and demonstrate how to determine ADCC activ­
ity based on the percentage of afucosylated Pertuzumab in a 
composition. 

In one embodiment, the invention concerns a composition 
comprising Pertuzumab and an afucosylated variant of Per­
tuzumab, wherein the amount of the afucosylated variant is 
greater than 2% of the composition. See, for example, 
anti2C4907-2, and Run 1 in Table 9 below. 

In an alternative embodiment, the invention concerns a 
composition comprising Pertuzumab and an afucosylated 
variant of Pertuzumab, wherein the amount of the afucosy­
lated variant is from 0.9 to 4.1 % of the composition. This 
amount of afucosylated variant may, for example, be quan­
tified using the validated CE-LIF assay in Example 4. 

Optionally, the composition further comprises the 
unpaired cysteine variants (heterodimer and/or homodimer 
as described in the previous section) and/or additional 
variants to be described below. 
(iv) LMWS and HMWS 

The invention further concerns a low-molecular-weight 
species (LMWS) of Pertuzumab and/or high-molecular­
weight-species (HMWS) of Pertuzumab in either isolated 
form or in compositions comprising the variant(s) and the 
main species antibody. The LMWS and HMWS can be 
isolated, characterized, and quantified using various tech­
niques, including, without limitation, size exclusion high 
performance liquid chromatography (SE-HPLC), and/or 
Capillary Electrophoresis Sodium Dodecyl Sulfate (CE­
SDS). 

18 
Capillary Electrophoresis Sodium Dodecyl Sulfate (CE­
SDS), including R-CE-SDS and NR-CE-SDS. In one 
embodiment, Peak 1 and Peak 2 are separated and/or ana­
lyzed by R-CE-SDS, e.g. as described in Examples 5 and 6 
and the corrected peak area (CPA) provides the% Peak 1 or 
Peak 2 in the composition. 

Using R-CE-SDS assay (e.g. as in Examples 5 and 6), the 
amount of Peak 1 in a composition is s5% (e.g. from 0.13% 
to 0.41 % CPA) and the amount of Peak 2 in a composition 

10 is sl.0% (e.g. from 0.47% to 0.74% CPA). 
(vi) Additional Variants 

The compositions herein optionally comprise additional 
variants of Pertuzumab such as those described in U.S. Pat. 
No. 7,560,111 (Kao et al.) and/or in WO 2009/099829 

15 (Harris et al.). 
Examples of such additional variants include, without 

limitation, any one or more of: glycated variant, disulfide 
reduced variant, non-reducible variant, deamidated variant, 
sialylated variant, VHS-variant, C-terminal lysine variant, 

20 methionine-oxidized variant, afucosylated variant, Gl gly­
cosylation variant, G2 glycosylation variant, and non-gly­
cosylated heavy chain variant. 

For example, the composition may comprise acidic vari­
ants (see WO 2009/099829, Harris et al.), wherein the acidic 

25 variants in the composition may include one, two, three, 
four, or five of glycated variant, deamidated variant, disul­
fide reduced variant, sialylated variant, and non-reducible 
variant. Preferably, the total amount of all acidic variants in 
the composition is less than about 25%. In one embodiment, 

30 the glycated variant, deamidated variant, disulfide reduced 
variant, sialylated variant, and non-reducible variant consti­
tute at least about 75-80% of the acidic variants in the 
composition. 

Using SE-HPLC assay (e.g. as in Example 5), the amount 35 

of main species Pertuzumab and HMWS or LMWS in a 
composition may be: 

Acidic variants may be evaluated by a variety of methods, 
but preferably such methods include one, two, three, four, or 
five of: ion exchange chromatography (IEC) wherein the 
composition is treated with sialidase before, after, and/or 
during the IEC (e.g. to evaluate sialylated variant), reduced 
CE-SDS (e.g. to evaluate disulfide reduced variant), non-

Main Peak: ;,;about 96%, e.g., ;,;about 96.7%, ;,;about 97.3%, 
e.g., ;,;about 97.4%. 
HMWS: sabout 2%, e.g., sabout 1.7%, e.g., sabout 1.5%, 40 

e.g. sabout 1.4%, e.g. sabout 0.8%. 
reduced CE-SDS (e.g to evaluate non-reducible variant), 
boronate chromatography ( e.g. to evaluate glycated variant), 

LMWS: sabout 2%, e.g., sabout 1.6%, e.g., sabout 1.2%, 
e.g. sabout 0.6%. 

and peptide mapping (e.g. to evaluate deamidated variant). 

Using NR-CE-SDS assay (e.g. as in Example 5), the 
amount of main species Pertuzumab and HMWS or LMWS 45 

in a composition may be: 

The composition optionally includes an amino-terminal 
leader extension variant. Preferably, the amino-terminal 
leader extension is on a light chain of the antibody variant 
( e.g. on one or two light chains of the antibody variant). The 

Main Peak: ;,;about 95%, e.g., ;,;about 96.0%, e.g., ;,;about 
97.8% 
HMWS: sabout 1 %, e.g. sabout 0.6%. 
LMWS: sabout 4%, e.g. sabout 3.4%. 

For example, the amount of Main Peak or main species 
Pertuzumab (excluding LMWS and HMWS) as determined 
by CE-SDS may be about 95% to about 99%, e.g., from 
about 96.0% to about 97 .8%, e.g. from about 95.3% to about 
97.3% Main Peak. 

Optionally, the LMWS comprises or consists of "Peak 6" 
as obtained by NR-CE-SDS (see, e.g. Example 5). Such 
Peak 6 may be determined to be about 0.9% to about 2.3%, 
e.g. about 2% to about 2.3% of the composition. 
(v) Peak 1 and Peak 2 Fragments of Pertuzumab 

The invention further concerns a Peak 1 fragment(s) 
and/or Peak 2 fragment(s) of Pertuzumab in either separated 
or isolated form or in compositions comprising the fragment 

antibody variant herein may comprise an amino-terminal 
leader extension on any one or more of the heavy or light 
chains thereof. Preferably, the amino-terminal leader exten-

50 sion is on one or two light chains of the antibody. The 
amino-terminal leader extension preferably comprises or 
consists of VHS- (i.e. VHS-variant). Presence of the amino­
terminal leader extension in the composition can be detected 
by various analytical techniques including, but not limited 

55 to, N-terminal sequence analysis, assay for charge hetero­
geneity (for instance, cation exchange chromatography or 
capillary zone electrophoresis), mass spectrometry, etc. The 
amount of the antibody variant in the composition generally 
ranges from an amount that constitutes the lower detection 

60 limit of any assay (preferably cation exchange analysis) used 
to detect the variant to an amount less than the amount of the 

(s) and the main species antibody. Peak 1 and Peak 2 can be 
isolated, characterized, and quantified using various tech- 65 

niques, including, without limitation, size exclusion high 
performance liquid chromatography (SE-HPLC), and/or 

main species antibody. Generally, about 20% or less ( e.g. 
from about 1 % to about 15%, for instance from 5% to about 
15%, and preferably from about 8% to about 12%) of the 
antibody molecules in the composition comprise an amino­
terminal leader extension. Such percentage amounts are 
preferably determined using cation exchange analysis. 
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Further amino acid sequence alterations of the main 
species antibody and/or variant are contemplated, including 
but not limited to an antibody comprising a C-terminal 
lysine residue on one or both heavy chains thereof (such an 
antibody variant may be present in an amount from about 
1 % to about 20% ), antibody with one or more oxidized 
methionine residues (for example, Pertuzumab comprising 
oxidized Met-254) etc. 

Moreover, aside from the afucosylated variant and sialy­
lated variant discussed above, the main species antibody or 
variant may comprise additional glycosylation variations, 
non-limiting examples of which include antibody compris­
ing a Gl or G2 oligosaccharide structure attached to the Fe 
region thereof, antibody comprising one or two non-glyco­
sylated heavy chains, etc. 

III. Manufacturing and Analytical Methods 

According to one embodiment of the invention, a method 
for evaluating a Pertuzumab composition is provided which 
comprises one, two, three, or four of: (1) measuring the 
amount of unpaired cysteine variant in the composition, 
wherein the unpaired cysteine variant comprises Cys23/ 
Cys88 unpaired cysteines in one or both variable light 
domains of Pertuzumab, and/or (2) measuring the amount of 
afucosylated Pertuzumab in the composition, and/or (3) 
measuring the amount of low-molecular-weight-species 
(LMWS) of Pertuzumab in the composition, and/or (4) 
measuring the amount of high-molecular-weight-species 
(HMWS) of Pertuzumab in the composition. Optionally, all 
four analytical assays are performed on a composition 
comprising Pertuzumab and variants thereof. 

The invention also concerns a method for making a 
composition comprising: (1) producing a composition com­
prising Pertuzumab and one or more variants thereof, and (2) 
subjecting the composition so-produced to one or more 
analytical assay(s) to evaluate the amount of the variant(s) 
therein. The analytical assay(s) can evaluate and quantify the 
amount of any one or more of: (i) unpaired cysteine variant 
comprising Cys23/Cys88 unpaired cysteines in one or both 
variable light domains of Pertuzumab and/or (ii) a heterodi­
mer variant comprising Cys23/Cys88 unpaired cysteines in 
only one variable light domain of Pertuzumab and/or (iii) a 
homodimer variant comprising Cys23/Cys88 unpaired cys­
teines in both variable light domains of Pertuzumab and/or 
(iv) afucosylated variant of Pertuzumab and/or (v) high­
molecular-weight-species (HMWS) of Pertuzumab and/or 
(vi) low-molecular-weight-species (LMWS) of Pertuzumab, 
and/or (vii) Peak 1 fragment(s) of Pertuzumab and/or (viii) 
Peak 2 fragment(s) of Pertuzumab. Thus, one, two, three, 
four, five, six, seven or eight of these variants can be 
analyzed. 

20 
In one embodiment, the amount of the homodimer variant 

in the composition is s4.9% as determined by hydrophobic 
interaction chromatography (HIC) of intact antibody. 

In one embodiment, the amount of the heterodimer vari­
ant in the composition is from about 13% to about 18% as 
determined by hydrophobic interaction chromatography 
(HIC) of intact antibody. 

Optionally, the analytical assay evaluates, quantifies, or 
isolates afucosyled variant. The amount of afucosylation can 

10 be used to determine or quantify biological activity, e.g. 
ADCC, of the composition. 

In addition, the method comprises evaluating the biologi­
cal activity of a Pertuzumab composition comprising mea­
suring the amount of afucosylated Pertuzumab variant in the 

15 composition to determine the antibody-dependent cell-me­
diated cytotoxicity (ADCC) activity of the composition, and 
confirming the amount of afucosylated Pertuzumab is in the 
range from about 0.9% to about 4.1 %. For instance, the 
method comprises measuring the amount of afucosylated 

20 Pertuzumab using capillary electrophoresis-laser-induced 
fluorescence (CE-LIF). 

Optionally, the analytical assay for evaluating afucosy­
lation is capillary electrophoresis (CE), including capillary 
electrophoresis-laser-induced fluorescence (CE-LIF), see, 

25 Examples 2 and 4 below. The amount of afucosylated 
variant is optionally from about 0.9 to about 4.1 % of the 
composition (e.g. as measured by CE-LIF in Example 4). In 
one embodiment, the amount of afucosylated variant is 
greater than 2% of the composition (e.g. as measured by 

30 CE-LIF in Example 4). 
Optionally, the analytical assay evaluates, quantifies, or 

isolates low-molecular-weight species (LMWS) and/or 
high-molecular-weight-species (HMWS) of Pertuzumab. 
Exemplary assays include SE-HPLC and/or CE-SDS (see, 

35 for example, Example 5 below). 
In one embodiment, the analytical assay comprises SE­

HPLC ( e.g. as in Example 5), and the amount of main 
species Pertuzumab, HMWS or LMWS in a composition 
thus analyzed is determined to be: 

40 Main Peak: ;,;about 96%, e.g., ;,;about 96.7%, ;,;about 97.3%, 
e.g., ;,;about 97.4%. 
HMWS: sabout 2%, e.g., sabout 1.7%, e.g., sabout 1.5%, 
e.g. sabout 1.4%, e.g. sabout 0.8%. 
LMWS: sabout 2%, e.g., sabout 1.6%, e.g., sabout 1.2%, 

45 e.g. sabout 0.6%. 
In one embodiment, the analytical assay comprises CE­

SDS ( e.g. as in Example 5), and the amount of main species 
Pertuzumab and HMWS or LMWS Pertuzumab in a com-
position thus analyzed is determined to be: 

50 Main Peak: ;,;about 95%, e.g., ;,;about 96.0%, e.g., ;,;about 
97.8% 
HMWS: sabout 1 %, e.g. sabout 0.6%. 
LMWS: sabout 4%, e.g. sabout 3.4%. 

Optionally, the analytical assay evaluates, quantifies, or 55 

isolates unpaired cysteine variant, including heterodimer 
and/or homodimer variants. For example, the analytical 
assay may comprises Hydrophobic Interaction Chromatog­
raphy (HIC) of an antibody fragment ( e.g. Fab fragment) or 

In one embodiment, a composition is evaluated by NR­
CE-SDS, and the amount of Main Peak or main species 
Pertuzumab (excluding LMWS and HMWS) is found to be 
from about 95% to about 99%, e.g., from about 96.0% to 
about 97.8%, e.g. from about 95.3% to about 97.3% of the 
composition thus analyzed. 

of an intact antibody (see, e.g. Example 1 ), peptide mapping 60 

analysis (see, e.g. Example 3), or Reversed Phase High 
Performance Liquid Chromatography (HPLC) (see, e.g., 
Example 3). 

In one embodiment, the amount of the unpaired cysteine 
variant (heterodimer and/or homodimer variant) in the com- 65 

position is sabout 25% as determined by Fab hydrophobic 
interaction chromatography (HIC). 

In one embodiment, the amount of "Peak 6" in a com­
position is evaluated by CE-SDS (see, e.g. Example 5), and 
the amount of Peak 6 LMWS is determined to be about 0.9% 
to about 2.3%, e.g. about 2% to about 2.3% of a composition 
thus analyzed. 

In one embodiment, the amount of Peak 1 and/or Peak 2 
in a composition is evaluated by R-CE-SDS (see, e.g. 
Examples 5 and 6), and the amount of Peak 1 is determined 
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to be s5% (e.g. from 0.13% to 0.41 % CPA) and the amount 
of Peak 2 is determined to be sl.0% (e.g. from 0.47% to 
0.74% CPA). 

The methods optionally further comprise combining the 
purified composition with one or more pharmaceutically 
acceptable excipients to make a pharmaceutical composi­
tion. In addition, the pharmaceutical composition can be put 
into a container which is packaged together with a package 
insert (e.g. with prescribing information instructing the user 
thereof to use the pharmaceutical composition to treat can- 10 

cer) so as to make an article of manufacture. 

IV. Pharmaceutical Compositions 

22 
received previous treatment or have relapsed after adjuvant 
therapy, have a left ventricular ejection fraction (LVEF) of 
2:50% at baseline, and/or have an Eastern Cooperative 
Oncology Group performance status (ECOG PS) of O or 1. 

In an alternative embodiment, the composition can be 
used to treat early-stage HER2-positive breast cancer, e.g., 
in combination with Trastuzumab, and chemotherapy, 
wherein the chemotherapy comprises anthracycline-based 
chemotherapy, or carboplatin-based chemotherapy. In one 
embodiment, the chemotherapy comprises anthracycline­
based chemotherapy, e.g. comprising 5-FU, epirubicin, and 
cyclophosphamide (FEC). In an alternative embodiment, the 
chemotherapy comprises carboplatin-based chemotherapy, 

Pharmaceutical compositions comprising Pertuzumab 
and variants thereof are prepared for storage by mixing the 
composition having the desired degree of purity with 
optional pharmaceutically acceptable excipients (Reming­
ton's Pharmaceutical Sciences 16th edition, Osol, A. Ed. 
(1980)), generally in the form oflyophilized formulations or 
aqueous solutions. Antibody crystals are also contemplated 
(see US PatAppln 2002/0136719). Pharmaceutically accept­
able excipients are nontoxic to recipients at the dosages and 
concentrations employed, and include buffers such as histi­
dine acetate; antioxidants including ascorbic acid and 
methionine; low molecular weight (less than about 10 resi­
dues) polypeptides; proteins, such as serum albumin, gela-

15 e.g. comprising taxane ( e.g. Docetaxel), Carboplatin in 
addition to HERCEPTIN®/Trastuzumab (e.g. TCH regi­
men). In one embodiment, the composition is administered 
concurrently with the anthracycline-based chemotherapy or 
with the carboplatin-based chemotherapy, e.g. wherein the 

20 Pertuzumab, Trastuzumab and chemotherapy are adminis­
tered in 3-week cycles with Pertuzumab, Trastuzumab and 
the chemotherapy being administered on day-1 of each 
cycle. The early-stage HER2-positive breast cancer therapy 
contemplated herein includes neoadjuvant and adjuvant 

25 therapy. 
In yet another embodiment, the composition can be used 

to treat HER2-positive gastric cancer, optionally in combi­
nation with Trastuzumab and a chemotherapy, such as a 
platin ( e.g. cisplatin) and/or a fluoropurimidine ( e.g. capecit-

30 abine and/or 5-fluorouracil (5-FU)). 

tin, or immunoglobulins; hydrophilic polymers such as 
polyvinylpyrrolidone; amino acids such as glycine, gluta­
mine, asparagine, histidine, arginine, or lysine; monosac­
charides, disaccharides, and other carbohydrates including 
glucose, mannose, or dextrins; chelating agents such as 
EDTA; sugars such as sucrose, mannitol, trehalose or sor­
bitol; salt-forming counter-ions such as sodium; metal com­
plexes (e.g. Zn-protein complexes); and/or non-ionic sur- 35 

factants such as polysorbates (e.g. polysorbate 20 or 80), 
PLURONICS™ or polyethylene glycol (PEG). 

Lyophilized antibody formulations are described in U.S. 
Pat. Nos. 6,267,958, 6,685,940 and 6,821,515, expressly 
incorporated herein by reference. An exemplary 40 

Trastuzumab pharmaceutical composition is a sterile, white 
to pale yellow preservative-free lyophilized powder for 
intravenous (IV) administration, comprising 440 mg 
Trastuzumab, 400 mg a,a-trehalose dehydrate, 9.9 mg 
L-histidine-HCl, 6.4 mg L-histidine, and 1.8 mg polysorbate 45 

20. Reconstitution of 20 mL of bacteriostatic water for 
injection (BWFI), containing 1.1 % benzyl alcohol as a 
preservative, yields a multi-dose solution containing 21 
mg/mL Trastuzumab, at pH of approximately 6.0. 

An exemplary Pertuzumab pharmaceutical composition 50 

for therapeutic use comprises 30 mg/mL Pertuzumab in 20 
mM histidine acetate, 120 mM sucrose, 0.02% polysorbate 
20, at pH 6.0. An alternate Pertuzumab formulation com­
prises 25 mg/mL Pertuzumab, 10 mM histidine-RC! buffer, 
240 mM sucrose, 0.02% polysorbate 20, pH 6.0. 

The pharmaceutical compositions to be used for in vivo 
administration must be sterile. This is readily accomplished 
by filtration through sterile filtration membranes. 

55 

In an alternative embodiment, the composition may be 
used to treat HER2-positive breast cancer optionally in 
combination with Trastuzumab and vinorelbine. The breast 
cancer according to this embodiment is optionally metastatic 
or locally advanced. Optionally, the patient has not previ­
ously received systemic non-hormonal anticancer therapy in 
the metastatic setting. 

In another aspect, the composition is used to treat HER2-
positive breast cancer in a patient comprising administering 
the composition, Trastuzumab, and aromatase inhibitor ( e.g. 
anastrazole or letrozole) to the patient. According to this 
embodiment, the breast cancer is advanced breast cancer, 
including hormone receptor-positive breast cancer such as 
estrogen receptor (ER)-positive and/or progesterone recep­
tor (PgR)-positive breast cancer. Optionally, the patient has 
not previously received systemic nonhormonal anticancer 
therapy in the metastatic setting. This treatment method 
optionally further comprises administering induction che­
motherapy ( e.g. comprising taxane) to the patient. 

In an additional aspect, the composition is used to treat 
low HER3 cancer, such as ovarian cancer, primary perito­
neal, or fallopian tube cancer. See, for example, U.S. Pat. 
No. 7,981,418 (Amler et al.) and U.S. Patent Publication 
US-2006-0013819-Al (Kelsey, S.). 

The antibodies and chemotherapeutic treatments are 
administered to a human patient in accord with known 
methods. Specific administration schedules and formula­
tions are described in the examples herein. 

According to one particular embodiment of the invention, 
V. Therapeutic Applications and Uses 

The compositions herein can be used to treat cancer, such 
as HER2-positive breast cancer, e.g, metastatic or locally 
recurrent, unresectable breast cancer, or de nova Stage IV 
disease, is defined as immunohistochemistry (IHC) 3+ and/ 
or fluorescence in situ hybridization (FISH) amplification 
ratio 2:2.0. Optionally, the patients in the population have not 

60 approximately 840 mg (loading dose) of Pertuzumab is 
administered, followed by one or more doses of approxi­
mately 420 mg (maintenance dose(s)) of Pertuzumab. The 
maintenance doses are preferably administered about every 
3 weeks, for a total of at least two doses, until clinical 

65 progressive disease, or unmanageable toxicity, e.g from 6 to 
20 doses. Longer treatment periods, including more treat­
ment cycles, are also contemplated. 
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According to another particular embodiment where the 
cancer is gastric cancer, Pertuzumab is administered at a 
dose of 840 mg for all treatment cycles. 

VI. Articles of Manufacture 

One embodiment of an article of manufacture herein 
comprises a container, such as a vial, syringe, or intravenous 
(IV) bag containing the composition or pharmaceutical 
composition herein. Optionally, the article of manufacture 
further comprises a package insert with prescribing infor­
mation describing how to use the composition according to 
the previous section herein. 

VII. Deposit of Biological Materials 

The following hybridoma cell lines have been deposited 
with the American Type Culture Collection, 10801 Univer­
sity Boulevard, Manassas, VA 20110-2209, USA (ATCC): 

Antibody Designation ATCC No. Deposit Date 

4D5 
2C4 

ATCC CRL 10463 
ATCC HB-12697 

May 24, 1990 
Apr. 8, 1999 

Further details of the invention are illustrated by the 
following non-limiting Examples. The disclosures of all 
citations in the specification are expressly incorporated 
herein by reference. 

Example 1 

Cys23/Cys88 Unpaired Cysteine Variant of 
Pertuzumab and Characterization Thereof 

Pertuzumab is a humanized monoclonal antibody (MAb) 
based on a human IgGl(K) framework. The recombinant 
antibody is produced by Chinese Hamster Ovary (CHO) 
cells and comprises two heavy chains ( 449 amino acid 
residues each) and two light chains (214 amino acid residues 
each) with inter-chain and intra-chain disulfide bonds. The 
light-chain and heavy-chain sequences of pertuzumab are 
shown in FIGS. 3A and 3B, respectively. The calculated 
molecular mass of intact pertuzumab is 145,197 Da (peptide 
chains only, without heavy-chain C-terminal lysine residue). 

The CH2 domain of each heavy chain also has a single 
conserved glycosylation site at Asn299. 

Pertuzumab differs from Trastuzumab (HERCEPTIN®) 
in the complementarity determining regions (CD Rs) of the 
light chain (12 amino acid differences) and the heavy chain 
(29 amino acid differences), and the fact that it binds to a 
different epitope on the human epidermal growth factor 
receptor 2 (pl85HER 2

). Binding ofpertuzumab to the HER2 
receptor on human epithelial cells prevents HER2 from 
forming complexes with other members of the HER receptor 
family (including EGFR, HER3, HER4) and forming HER2 
homodimers. By blocking complex formation, pertuzumab 
inhibits ligand-initiated intracellular signaling through two 
major signal pathways, mitogen-activated protein (MAP) 
kinase and phosphoinositide 3-kinase (PI3K), resulting in 
inhibition of cell proliferation and survival, respectively. 

24 
Free sulfhydryls were measured using Ellman's reagent, 

and showed a reactive free sulfhydryl content of 0.1-0.3 
moles per mole protein. Hydrophobic interaction chroma­
tography (HIC) analysis and peptide map analysis revealed 

5 unpaired cysteine residues at Cys23 and Cys88 on one or 
both light chains. Using papain HIC, levels of the Fab 
variant containing free sulfhydryls at these sites were found 
to be 12.7%-13.5% in Pertuzumab materials produced using 
the commercial manufacturing process. HIC analysis of the 

10 intact antibody indicated that the two major forms are 
78%-85% wild-type Pertuzumab and 13.4%-18.4% Per­
tuzumab heterodimer (unpaired cysteine pair on one arm). 

Materials and Methods 
15 

Compositions Tested: This example describes the charac­
terization of the current Pertuzumab Reference Standard 
Batch anti2C4907-2 and Run 1, representing Phase III 
clinical material, and five Phase III/commercial batches 

20 (Runs 3-7), all produced at 12,000 liter (L) scale using the 
commercial process. Comparison is also made to the previ­
ous Reference Standard Batch anti2C4-900- l, which is 
representative of the Phase I/II clinical material. 

The compositions tested were drug substance batches 
25 formulated in the commercial formulation at 30 mg/mL in 

20 mM L-histidine acetate, 120 mM sucrose, and 0.02% 
(w/v) polysorbate 20 at pH 6.0. Batch anti2C4-900-l was 
formulated earlier in clinical development at 25 mg/mL in 
10 mM L-histidine chloride, 240 mM sucrose, and 0.02% 

30 (w/v) polysorbate 20 at pH 6.0. 
Disulfide Bond Analysis by Non-Reduced Peptide Map 

Analysis and Mass Spectrometry: To denature pertuzumab 
under non-reducing conditions and alkylate any buried free 
sulfhydryl groups, approximately 0.5 mg of pertuzumab in 

35 formulation buffer was mixed with denaturing buffer (con­
sisting of 8 M GdHCl, 10 mM N-ethylmaleimide (NEM), 
0.1 M sodium acetate, pH 5.0) and then incubated at 37° C. 
for 3 hours. The solution was buffer exchanged into 600 µL 
of0.1 M Tris, 1 mM CaC12), pH 7.0 using NAP-5 columns. 

40 Acetonitrile (ACN) was added to each sample to achieve a 
concentration of 10%. The trypsin digestion was carried out 
at an enzyme to substrate ratio of 1:10 (w/w) at 37° C. for 
16 hours. The resulting peptides were separated by RP­
HPLC using the methods described below for sulfitolysis 

45 tryptic maps. 
Sulfitolysis Tryptic Peptide Map: To generate the per­

tuzumab peptide maps, the protein was digested with trypsin 
after reduction and sulfitolysis of the cysteine residues. 
Aliquots (1 mg) of pertuzumab were added to 360 mM 

50 Tris-HCl pH 8.6, 6 M guanidine hydrochloride (GdHCl), 2 
mM ethylenediaminetetraacetic acid (EDTA), 13 mM 
sodium sulfite, and 38 mM sodium tetrathionate for reduc­
tion and sulfitolysis of the cysteine residues. Samples were 
incubated at 37° C. for 20 minutes. Sulfitolyzed samples 

55 were loaded onto PD-10 colunms and eluted with 10 mM 
Tris, 0.1 mM CaC12), pH 8.3. Following buffer exchange, 20 
µL of a 10% octyl-B-glucoside solution and 20 µL of 1 
mg/mL trypsin were added. Samples were incubated at 37° 
C. for 5 hours. The digestion reaction was quenched with 25 

60 µL of 10% trifluoroacetic acid (TFA). The resulting peptides 
were separated by RP-HPLC using a Zorbax 300SB-C8 
column (4.6 mmx150 mm). The peptides were separated 
after a 5 minute hold at initial conditions with a linear 

This example concerns the identification and character­
ization of an unpaired cysteine variant of Pertuzumab: the 65 

Cys23/Cys88 unpaired cysteine variant comprising unpaired 
cysteines in one or both light chains of the antibody. 

gradient from 0% to 17% solvent B in 57 minutes, to 32% 
solvent Bat 149 minutes, to 45% solvent Bat 162 minutes, 
and to 95% solvent B at 173 minutes. At 179 minutes, the 
column was reconditioned at 100% solvent A for 25 minutes, 
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for a total run time of 204 minutes. Solvent A consisted of 
0.1 % TFA in water and solvent B consisted of 0.08% TFA 
in acetonitrile. The colunm was maintained at 37° C. and 
eluted at a flow rate of 0.5 mL/min. The elution profile was 
monitored at 214 nm and 280 nm. Masses of the tryptic 5 

peptides were determined by liquid chromatography-mass 
spectrometric (LC-MS) analysis of the separated digest 
mixture using an LTQ ORBITRAP™ mass spectrometer. 

Free Sylfydryl Content by Ellman's Analysis: The Per­
tuzumab samples were buffer exchanged into reaction buffer 10 

(100 mM potassium phosphate, 1 mM EDTA, 8 M urea, pH 
8) and adjusted to a concentration that resulted in free thiol 
concentrations within the standard curve range. A solution of 
dithionitrobenzene (DTNB) (10 mM) and a cysteine stan­
dard curve (eight points between 0 and 100 µM) were 15 

prepared in reaction buffer. On a 96-well plate, 165 µL of 
sample or standard were added to triplicate wells. The 
reaction was initiated by the addition of 10 µL of DTNB and 
then incubated for 30 minutes. After incubation, absorbance 
was measured at 412 nm using a SPECTRAMAX M2® plate 20 

reader. The concentration of free thiol was calculated using 
the linear equation obtained from the standard curve. The 
concentration of the protein was determined using the absor­
bance at 280 nm obtained from a spectrophotometer. The 
free thiol is reported as moles of free thiol per mole of 25 

Pertuzumab. 
Papain HIC: For papain-digested Pertuzumab samples, 

26 
accurately measured with BRUKER™ matrix-assisted laser 
desorption/ionization-time of flight mass spectrometry 
(MALDI-TOF MS). The peptide mass lists were used to 
identify proteins by searching protein sequences. All 
observed bands in both the non-reduced and reduced Per­
tuzumab were identified by peptide mass fingerprinting. 

Potency by Bioassay: The Pertuzumab potency method 
assesses the potency of Pertuzumab by measuring its ability 
to inhibit proliferation of a human HER2-expressing breast 
cancer cell line. In a typical assay, 96-well microtiter plate(s) 
were seeded with the breast cancer cells and incubated in a 
humidified incubator. After incubation, the media was 
removed and varying concentrations of Pertuzumab Refer-
ence Standard, assay control, and sample(s) were added to 
the plate(s). The plate(s) were then incubated, and the 
relative number of viable cells was quantitated indirectly 
using a redox dye, ALAMARBLUE®. The fluorescence was 
measured using excitation at 530 nm and emission at 590 
nm. ALAMARBLUE® is blue and nonfluorescent in its 
oxidized state, but is reduced by the cell's intracellular 
environment to a pink form that is highly fluorescent (Page 
et al. Int. J. Oneal. 3: 473-476 (1993)). The changes in color 
and fluorescence are proportional to the number of viable 
cells. The results, expressed in relative fluorescence units 
(RFU), were plotted against the Pertuzumab concentrations 
and a parallel line program was used to estimate the anti­
proliferative activity of Pertuzumab samples relative to the 

30 Reference Standard. 

the samples were digested with papain after removing the 
C-terminal lysine with carboxypeptidase B (CpB). The Fab 
and Fe domains were separated by HIC using a PolyPropyl 
Aspartamide column (4.6 mmxl00 mm, 1500 A, 3 µm). 
Solvent A consisted of 1.6 M ammonium sulfate, 20 mM 
potassium phosphate, pH 6.05 and solvent B consisted of 20 
mM potassium phosphate pH 6.05. The analytes were sepa­
rated with a gradient from 0% to 18% solvent B from 3 to 35 

6 minutes, to 24% solvent Bat 21 minutes. The colunm was 
maintained at 25° C. with a flow rate of 0.8 mL/min. The 
elution profile was monitored at 280 nm. 

HIC of Intact Antibody: Intact Pertuzumab samples were 
separated by HIC using a PolyPropyl Aspartamide column 
(9.4 mmxl00mm, 1500 A, 3 µm). SolventAconsistedof 1.0 
M ammonium sulfate, 20 mM potassium phosphate, pH 6.05 
and solvent B consisted of 20 mM potassium phosphate, pH 
6.05. The analytes were separated isocratically with 12% 
solvent B for 25 minutes. The colunm was maintained at 30° 
C. with a flow rate of 2 mL/min. The elution profile was 
monitored at 280 nm. 

SDS-PAGE with Peptide Mass Fingerprinting: Both 
reduced and non-reduced Pertuzumab samples were ana­
lyzed by sodium dodecyl sulfate-polyacrylamide gel elec­
trophoresis (SDS-PAGE). Samples (5 µg) were denatured by 
heating in the presence of SDS-PAGE sample buffer for 5-10 
minutes at 60±2° C. with iodoacetamide for non-reduced 
samples. Samples were reduced for 15-20 minutes at 60° 
C.±2° C. in the presence of80 mM dithiothreitol (DTT). The 
denatured samples were separated in 4%-20% polyacrylam­
ide gradient gels and stained with SYPRO™ Ruby dye to 
obtain the protein banding pattern. Along with the per­
tuzumab samples, molecular weight standards and 
SYPRO™ Ruby-stain sensitivity standards (2 ng/lane and 
8 ng/lane bovine serum albumin (BSA)) were included on 
the gels. 

Peptide mass fingerprinting is an analytical technique for 
protein identification. The gels were loaded with 10 µg of 
commercial Reference Standard Batch anti2C4907-2 and 
Run 5. All bands separated by SDS-PAGE were cleaved into 
peptides by trypsin. The absolute masses of the peptides are 

Results 

Assignment of Disulfide Bonds: There are 32 cysteines in 
Pertuzumab, forming 16 disulfide bonds, of which four are 
inter-chain and 12 are intra-chain linkages. However, 
because of the multimeric nature of the molecule, there are 
only nine distinct disulfide bonds. The native protein was 

40 digested with trypsin to achieve release of all disulfide­
linked peptides. The chromatographic profiles for the Per­
tuzumab batches are shown in FIG. 7. Reversed-phase 
LC-MS analysis of the digest of commercial Reference 
Standard Batch anti2C4907-2 yielded all of the expected 

45 disulfide-linked peptide-pairs (Table 2). 

TABLE 2 

Disulfide-Linked Peptide-Pairs Identified by LC-MS 

50 
Expected Observed 

Disulfide Mass Mass 
Expectecda Linkage Found (Da/ (Da/ 

T2H -TI0H Cys22 - T2H -TI0H 3429.48 3429.48 
Cys96 

55 TI3H - TI4H Cys146 - TI3H - TI4H 7917.92 7917.92 
Cys202 

TI9H - TI9H Cys228 - TI9H - TI9H 5455.78 5455.79 
Cys228 
Cys231 -
Cys231 c 

60 T21H -T27H Cys263 - T21H - T27H 2329.10 2329.10 
Cys323 

T35H - T40H Cys369 - T35H - T40H 3845.82 3845.82 
Cys427 

TISH - T20L Cys222 - TISH - T20L 757.24 757.24 
Cys214 

65 TISH - T20L Cys222 - TISH - TI9L- 1261.49 1261.49 
Cys214 T20Ld 
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TABLE 2-continued 

Disulfide-Linked Peptide-Pairs Identified by LC-MS 

Expected Observed 
Disulfide Mass Mass 

Expectecda Linkage Found (Da/ (Da/ 

T2L = T7L Cys23 = T2L = T7L 5393.48 5393.48 
Cys88 

T11L = T18L Cys134 = TllL = T18L 3556.75 3556.75 
Cys194 

Note: 

An equal sign ( =) represents a disulfide bond. 

H = heavy chain; L = light chain; LC-MS= high-performance liquid chromatography mass 
spectrometry; T = tryptic peptide. 
aRefer to FIGS. 9 and 10. 
~onoisotopic masses (MH+). 

cDisulfides are inferred. The T19H dimer assignment did not include verification of 
Cy,228 = Cys228 and Cys231 = Cy,231 disulfides. 
dThe presence of this disulfide-linked pair has been confirmed through the use of an 
alternate enzyme, Lys-C, that does not cleave T19L and T20L. 

10 

15 

28 
and Fab peaks which was identified as a Fab variant con­
taining unpaired cysteine residues at Cys23 and Cys88 
(FIGS. 11 and 12, labeled as free thiol Fab ). This identifi­
cation was confirmed by LC-MS tryptic peptide mapping, 
wherein the sample was subjected to denaturation in the 
presence of NEM prior to reduction and tryptic digestion. 
The extent of the free thiol Fab variant using the papain HIC 
method was measured across pertuzumab batches and found 
to be consistent using the current process (Table 4). 

TABLE 4 

Relative Amount of Cys23/Cys88 Unpaired Cysteine Fab Variant as 
Determined by Papain HIC or Calculated Intact Antibody Variant 

Percent Unpaired Percent Intact Antibody 
Batch Name Cysteine Fab Variant Variant* 

anti2C4-900-1 9.4 17.9 
anti2C4907-2 12.7 23.8 
Run 1 13.2 24.6 
Run 3 13.3 24.9 
Run4 13.5 25.2 
Run 5 13.3 24.9 
Run 6 12.9 24.2 
Run 7 13.2 24.6 

Note: 

The percent unpaired cysteine Fab peak was obtained by dividing the unpaired cysteine 
Fab peak area by the peak areas of unpaired cysteine Fab + Fab. 
*Calculated as described below. 

Identified peptides were further confirmed by the identi­
fication of expected peptides from the peptide-pairs upon 20 

reduction of the disulfides (FIG. 8 with expanded views in 
FIGS. 9 and 10). A dimer of heavy-chain peptide T19H 
(T19H=T19H) was identified as containing two disulfide 
bonds; identification of the Cys228=Cys228 and 
Cys231 =Cys231 pairs is inferred. One disulfide pair, 25 
Tl 8H=T20L, was detected by LC-MS but eluted close to the 
void volume and was not identifiable as a distinct peak on 
ultraviolet (UV) chromatograms. The presence of this dis­
ulfide pair was further confirmed by LC-MS analysis of a 
Lys-C digest, wherein the peptide T18H=T19L-T20L was 
observed. No unexpected linkages were found. One disulfide 
bond is partially unpaired, as discussed below. 

By the papain HIC assay, the values for material produced 

30 using the commercial process ranged from 12.7% to 13.5%, 
while the value for Reference Standard Batch 2C4-900- l 
(Phase I/II) was slightly lower at 9.4%. 

Free Sulfhydryl Analysis: All cysteine residues in prop­
erly folded pertuzumab should be involved in disulfide 
bonds. Ellman's assay (Ellman, G. Arch. Biochem. Biophys. 35 
82: 70-77 (1959)), a method for measuring the free sulfhy­
dryl content of peptides and proteins, was used to determine 

Converting % Fab Variant from Papain HIC to Estimated 
% Intact Antibody Variant: The relative amount of Fab 
fragments containing unpaired cysteines can be used to 
calculate the relative distribution of heterodimer or homodi­
mer forms of unpaired cycteine varints. If papain HIC assay 
shows that 10% ( or x % ) of Fab fragments from pertuzumab if reactive unmodified (free) thiols are present in per­

tuzumab. All materials were evaluated for free thiol (un­
paired cysteine residue) content and results are summarized 40 
in Table 3. 

contain unpair cycteines at Cys23/Cys88, then there should 
be 10 Fab fragments containing unpaired cysteines released 
from every 50 pertuzumab molecules because the digestion 

TABLE 3 

Free Thiol Content by Ellman's Assay 

Moles of Free Thiols per 
Batch Name Mole of Pertuzumab 

anti2C4-900-1 0.06 
anti2C4907-2 0.15 
Run 1 0.28 
Run 3 0.16 
Run 4 0.17 
Run 5 0.16 
Run 6 0.16 
Run 7 0.14 

Note: 
Free thiol levels were determined by Ellman 's assay in the presence of 8M urea. 

Approximately 0.1-0.3 moles of free thiols per mole of 
pertuzumab were observed in all batches analyzed. In the 
absence of 8 M urea, free thiol levels were below the 
quantitation limit (QL; approximately 0.1 mole free thiol per 
mole protein) in all materials tested, indicating that the free 
thiols (i.e., unpaired cysteines) present in pertuzumab mol­
ecules were buried and inaccessible to Ellman's reagent 
under non-denaturing condition. 

Analysis of pertuzumab materials by HIC after CpB and 
papain digestion revealed an additional peak between the Fe 

of 50 antibodies by papain should yield 100 Fab fragments. 
Assuming that these 10 Fab fragments are from 10 different 
pertuzumab molecules, the relative amount pertuzumab con-

50 

55 

45 taining one Fab with Cys23/Cys88 unpaired cysteines is 
approximately 20%, i.e. 10 out 50 pertuzumab molecules, 
(or 2x %). More precisely, if the probability ofa pertuzumab 
with two Fabs containing Cys23/Cys88 unparied cysteines 
is taken into account, then the relative amount of per­
tuzumab heterodimer unpaired cysteine variants should be 
2x10%x90%=18% (or 2xx %x[100-x] %). In addition, the 
relative amount of pertuzumab homodimer unpaired cyste­
ine variants should be at 10%x 10%= 1 % ( or x %xx % ). In 
this case, the relative among of pertuzumab containing 2 
Fabs with no unpaired cysteines on either Fab should be at 
90%x90%=81% (or [100-x]%x[100-x]%). 

In addition wild-type homodimer (without unpaired cys­
teines) and heterodimer (with unpaired cysteines on one 
Fab) can be quantified directly by HIC. HIC of intact 

60 antibody separates pertuzumab into two major peaks (FIG. 
13), which were identified as wild type homodimer (without 
free thiols) and heterodimer (with free thiol pair on one Fab) 
by LC-MS tryptic peptide mapping. The minor front shoul­
der peak was also collected and characterized by papain HIC 

65 as predominantly homodimer (free thiol pair on both Fabs, 
approximately 40%) and pertuzumab with Fe oxidation. 
Using the HIC of intact antibody, pertuzumab was estimated 
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to contain approximately 17%-18% heterodimer for mate­
rials produced using the current process, and 13% using the 
Phase I/II process (Table 5). Without being bound by any 
one theory, it is possible that the increased amount of the 
unpaired cysteine variant produced by the commercial pro­
cess (relative to the phase I/II process) may result from 
protein (i.e. VL domain) folding rate accuring faster than 
thiol oxidation (disulfide formation) rate, thus trapping free 
cysteines in the variant. 

TABLE 5 

Relative Amount of Intact Unpaired Cysteine Variants 
as Determined by HIC of Intact Pertuzumab 

Peak 

Partially Enriched 
Wild-Type Unpaired cysteine Unpaired cysteine 

Batch Name Homodimer (%) Heterodimer (%) Homodimer (%) 

anti2C4-900-1 84.7 13.4 1.9 
anti2C4907-2 78.9 18.2 2.9 
Run 1 78.4 18.4 3.2 
Run 3 79.1 17.6 3.2 
Run4 79.3 17.3 3.4 
Run 5 79.1 17.4 3.5 
Run 6 79.7 17.2 3.1 
Run 7 79.3 17.3 3.4 

Note: 

The percent relative peak was obtained by dividing the individual peak area by the total 
peak area of all three peaks. 

Since an unpaired cysteine pair at Cys23/Cys88 on the 
light chain of pertuzumab was observed by HIC, purified 
fractions of each of the unpaired cysteine variants were 
tested in the anti-proliferation assay. The unpaired cysteine 
containing Fab was purified and estimated to have reduced 
potency ( estimated potency -50% relative to the native Fab) 
(Table 6). 

TABLE 6 

Anti-Proliferation of Unpaired Cysteine Fab Variant 

Note: 

Pertuzumab Samples and 
Conditions 

Native Fab 
Unpaired Cysteine-Fab 

Mean % Activity 
(n - 2) 

100 
50a 

Percent activity reported relative to Native Fab. 

% Difference 

NIA 
67 

30 
TABLE 7-continued 

Anti-Proliferation Activities of Full Length Pertuzumab 
Unpaired Cysteine Variants Fractions 

Anti-proliferation 

Mean % Activity 
Pertuzumab Samples and Conditions (n - 3) CV(%) 

Wild-Type Homodimer 104 15 
10 Unpaired cysteine-Containing Homodimera 90 15 

Note: 
Percent activity reported relative to pertuzumab Reference Standard (Batch anti2C4907-2). 

aThe fraction contains approximately 40% unpaired cysteine-containing homodimer and 
60% heterodimer or wild-type homodimer mixture. 

15 These data demonstrate that an unpaired cysteine variant 

20 

25 

of pertuzumab is present in the composition manufactured at 
commercial scale. The HIC methods (evaluating Fab frag­
ment or intact antibody) in this Example or peptide mapping 
in Example 3 below are assays that can be used to evaluate 
the presence and quantity of the unpaired cysteine variant in 
a pertuzumab composition. 

Example 2 

Afucosylated Pertuzumab Composition and 
Characterization Thereof 

Antibody-Dependent Cell-Mediated Cytotoxicity 
(ADCC) is an aspect of cell-mediated immunity by which an 

30 effector cell actively lyses a target cell that has bound 
antigen-specific antibodies. Pertuzumab exhibited ADCC 
activity when tested with HER2 3+ cells but very little 
activity was observed with HER2 1+ cells (FIG. 14). 

The levels of afucosylation in the pertuzumab Phase I and 
35 Phase III Reference Standards were measured using capil­

lary electrophoresis. The higher level of afucosylated mate­
rial (G0-F=2.2%) in the pertuzumab Phase III Reference 
Standard correlates with the higher ADCC activity observed 
compared to Phase I Reference Standard (FIG. 15), which 

40 had lower G0-F (0.8%). An enzymatically deglycosylated 
pertuzumab was also prepared and tested and showed no 
binding to FcyRIIIa and no ADCC activity (Table 8). 

TABLE 8 
45 

Biological Activities of Deglycosylated Pertuzumab 

Pertuzumab Mean % Activity (n - 3) 

i:~~~~ei0~~~:~~~ value. Dose response curves are not parallel, and the lower plateau 50 
Samples and Anti- HER2 FcyRIIIa FcRn 
Conditions Proliferation Binding Binding ADCC Binding 

In addition, three intact forms (wild-type homodimer, free­
thiol containing heterodimer, and unpaired cysteine contain­
ing homodimer) were isolated by HIC and tested with the 
anti-proliferation potency assay. See Table 7. 

TABLE 7 

Anti-Proliferation Activities of Full Length Pertuzumab 
Unpaired Cysteine Variants Fractions 

Pertuzumab Samples and Conditions 

Starting Material 
Heterodimer 

Anti-proliferation 

Mean % Activity 
(n-3) CV(%) 

110 11 
112 7 

Control 90 105 106 101 85 
Deglycosylated 87 94 No No 72 

Activity Activity 

55 Note: 
Percent activity reported relative to pertuzumab Reference Standard (Batch anti2C4907-2). 

ADCC = antibody-dependent cell-mediated cytotoxicity. 

These data show that measuring G0-F (afucosylated) 
pertuzumab is an effective means for quantifying pertuzum-

60 ab's ADCC activity. Experiments to quantify afucosylation 
are as follows. 

Oligosaccharide Analysis by Capillary Electrophoresis 
(CE): Pertuzumab samples (250-500 µg) were purified using 
Protein A solid phase extraction affinity tips (PHYTIPS™) 

65 and an automated liquid handling system. Pertuzumab 
samples were eluted from the protein A resin using 12 mM 
hydrochloric acid, pH 2.0 and neutralized using 10 µL of 50 
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mM sodium succinate. The resulting sample was incubated 
with 2.5 U/mL of PNGase F for 15 hours at 37° C. The 
protein was precipitated by heating the solution at 95° C. for 
5 minutes and was removed by centrifugation. The super­
natant solutions containing released oligosaccharides were 5 

vacuum dried. The released glycans were derivatized with 
8-aminopyrene-1,2,6-trisulfonic acid (APTS) in a 15% ace-
tic acid solution containing sodium cyanoborohydride at 55° 
C. for two hours. Analyses of derivatized glycans were 
performed with a capillary electrophoresis (CE) system 10 

equipped with a fluorescence detection module using an 
argon-ion laser ( 488 nm excitation, 520 nm emission) and an 
N-CHO coated capillary (50 µmx50 cm). The running 
buffer was 40 mM c-amino-n-caproic acid/acetic acid, pH 

15 
4.5, 0.2% hydroxypropyl methylcellulose (HPMC). Samples 
were injected into the capillary by pressure at 0.5 psi. The 
separation was performed at 20 kV, and the capillary tem­
perature was maintained at 20° C. 

Pertuzumab contains an N-linked oligosaccharide site in 20 

the CH2 domain of the Fe portion of the molecule atAsn299. 
The relative distribution of the neutral oligosaccharides 
found at this site for each batch was determined using CE 
after treatment with PNGase F and labeling with APTS. 

The electropherograms from CE analysis of the released, 25 

derivatized oligosaccharides are shown in FIG. 16 with 
expanded-view profiles in FIG. 17. Relative amounts of 
oligosaccharides in pertuzumab for the materials analyzed 
are summarized in Table 9. 

30 

TABLE 9 

Distribution of Oligosaccharide Structures in Pertuzurnab 
(Percent Peak Area) 

Batch Name G0-F G0-GlcNAc Man5 GO Gla G2 
35 

anti2C4-900-1 0.8 2.7 1.2 72.1 20.4 2.0 
anti2C4907-2 2.2 0.8 0.3 63.6 27.6 3.0 
Run 1 2.5 1.6 0.2 62.4 29.1 3.4 
Run 3 1.7 1.2 0.3 70.3 23.4 2.2 
Run4 1.8 1.8 0.3 75.4 18.3 1.4 40 

Run 5 1.4 1.0 0.4 71.8 22.4 2.1 
Run 6 1.1 1.0 0.2 73.3 21.3 1.9 
Run 7 1.2 0.8 0.2 69.7 24.5 2.5 

Note: 

32 
rived MAbs (Ma and Nashabeh, supra) and naturally occur­
ring human immunoglobulins (Flynn et al. Mal Immunol 
47:2074-82 (2010)). 

Example 3 

Peptide Mapping and RP-HPLC for Evaluating 
Unpaired Cysteine Variant 

Materials: Materials and devices used in the experiments 
include: 3-[N-Morpholino ]propanesulfonic Acid (MOPS; 
Sigma-Aldrich), N-ethylmaleimide (d0-NEM; Thermo Sci­
entific, Rockford, II), N-ethylmaleimide (d5-NEM; Cam­
bridge Isotope Laboratories, Andover, MA), L-Cysteine 
(Sigma-Aldrich), Trypsin (Promega, Madison, WI), Trifluo­
roacetic acid (TFA; Fisher, Fair Lawn, NJ), Acetonitrile 
(ACN, Burdick & Jackson, Muskegon, MI). All chemicals 
and reagents were used as received with no further purifi­
cation. 

Differential N-Ethylmaleimide (NEM) Labeling of Anti­
bodies: Differential NEM tagging method allowed free 
thiols already present in the antibodies to be tagged with 
d0-NEM and remaining disulfide bridges to be reduced and 
tagged with d5-NEM. For initial d0-NEM tagging, 100 µL 
antibody (3 mg/mL) was gently mixed with 400 µL Dena­
turing Buffer (7 .5 M GdnHCl, pH 5) containing 6.25 mM 
d0-NEM and incubated at 37° C. for 2 h. 20 µL Cysteine 
(125 mM) was added to the sample and incubated at 37° C. 
for 15 minutes to inactivate remaining d0-NEM. To reduce 
remaining disulfide bridges in the antibody, 10 µL TCEP (0.5 
M) was added to the sample and incubated at 37° C. for 30 
minutes. 70 µL d5-NEM (171 mM) was then added to the 
sample and incubated at 37° C. for 2 h to tag the free thiols 
created by the reduced disulfide bridges. 0.5 mL of the 
differential NEM tagged sample was buffer exchanged using 
NAP-5 colunms and eluted with 0.6 mL MOPS buffer (20 
mM MOPS, 0.5 mM TCEP, pH 7). 

Peptide map analysis of Antibodies: Differential NEM 
tagged samples were digested with trypsin at a 1:50 (w/w) 
trypsin:antibody ratio at 37° C. for 2 h. Digestions were 
quenched with 10% TFA. The trypsin digested differential 
NEM tagged samples were separated using an Agilent 1200 
HPLC system (Agilent, Palo Alto, CA). A Jupiter C18 
colunm (250x2 mm, 5 µm) (Phenomenex, Torrance, CA) 

The total % may not add exactly to 100% due to rounding. In addition, minor species 
(<0.5%) may have been included in the total percent peak area but not reported in this 
table. 
a Sum of the two G 1 isomers (refer to FIG. 17). 

The oligosaccharide with GO structure is the predominant 
species in all materials (62%-75%). The GO glycoform was 
slightly more abundant in Runs 3-7 and the previous Ref­
erence Standard Batch 2C4-900-l (70%-75%) compared to 

45 with 300 A pore size was employed for chromatographic 
separation of samples. The injection volume was 95 µL, and 
the colunm temperature was 55° C. The mobile phase A was 
0.1 % TFA in water and mobile phase B was 0.08% TFA in 
90% ACN (v/v). Initial conditions were set at 100% mobile 

the current Reference Standard Batch anti2C4907-2 and Run 

50 phase A and kept for the first 3 minutes after sample 
injection. Mobile phase B was increased to 10% over the 
next 20 minutes and then further increased to 40% until 160 
minutes and 100% until 162 minutes all over linear gradi-

1 (62%-64%). The Gl glycoform was observed as two peaks 
corresponding to the two isomers with the terminal galactose 55 
on either branch of the biantennary structure. The areas of 
these two peaks were combined in order to determine the 
relative amount of Gl glycoform. The Gl and G2 glyco­
forms account for approximately 18%-29% and 1%-3%, 
respectively of the released oligosaccharides for all the 60 

materials. Peaks arising from other oligosaccharide struc­
tures were also observed in the electropherograms (all 
present at 3% or less). These structures include G0-F (GO 
lacking core fucose ), G0-GlcNAc (GO lacking one GlcNAc ), 
Man5, and other minor glycoforms (Ma and N ashabeh Anal 65 

Chem 71:5185-92 (1999)). Oligosaccaride structures on 
pertuzumab were consistent with those found CHO-de-

ents. Mobile phase B was held at 100% until 170 minutes. 
The colunm was the re-equilibrated at 100% mobile phase A 
until 195 minutes. The flow rate was kept at 0.28 mL/min. 

The effluent from the HPLC was directly connected to the 
electrospray ionization source of LTQ ORBITRAP™ mass 
spectrometer operating in a positive ion mode. The spray 
voltage was 4.5 kV, and the capillary temperature was 300° 
C. The mass spectrometer was operated in the data depen-
dent fashion to switch automatically between MS and 
MS/MS modes. Survey full scan MS spectra were acquired 
from m/z 300 to m/z 2000 in the FT-Orbitrap with a 
resolution set for R=60,000 at m/z 400. The five most 
intense ions were fragmented in the linear ion trap using 
collision induced dissociation (CID) at normalized colli-
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sional energy of 35% with an activation time of 30 ms and 
isolation width of 2.5 m/z units. The dynamic exclusion 
(DE) function was enabled to reduce data redundancy and 
allow low-intensity ions to be selected for data dependent 
MS/MS scans. The dynamic exclusion parameters were as 5 
follows: a repeat duration of 30 seconds, an exclusion list 
size of 500, an exclusion duration of 90 seconds, a low 
exclusion mass width 0.76, a high exclusion mass width of 
1.56, and a repeat count of 2. The data analyses were 
performed using XCALIBUR™ software. 

10 
The current Pertuzumab Reference Standard Batch 

anti2C4907-2 was analyzed using the method described 
above. It was found that 10.9% of the T2L peptides (pro­
duced by trpsin digestion and containing Cys23) and 8.3% 
of the T7L peptides (produced by trpsin digestion and 
containing Cys88) were tagged with d0-NEM. Because only 15 

unpaired cysteines were tagged with d0-NEM in this experi­
ment, these results suggest that approximately 10% of the 
Cys23 and Cys88 in anti2C4907-2 are not linked by a 
disulfide bond (i.e. 10% unpaired cysteins variants). Using 
a calculation method similar to that described above to 20 

34 
quantifying afucosylated Pertuzumab variant. Modifications 
to the methods disclosed in Example 2 above include: no 
robotic sample preparation, no Protein A purification step 
ensuring consistent protein concentrations among samples, 
and changes to the electrophoretic parameters (buffer excipi­
ent concentration). 

In the assay, Pertuzumab samples are diluted to 10 mg/mL 
using formulation buffer, and buffer exchanged into Peptide­
N-Glycanase F (PNGase F) digest buffer. The asparagine­
linked oligosaccharides are then released enzymatically with 
PNGase F. The released glycans are subsequently deriva­
tized with 8-aminopyrene-1,3,6-trisulfonic acid (APTS), a 
negatively charged fluorophore. APTS provides all glycans 
with three negative charges, which allow their rapid elec­
trophoretic analysis. The mixture containing the excess 
derivatizing agent and the APTS-glycan conjugates is ana-
lyzed by CE using a coated capillary that reduces the 
electroosmotic flow. The separation is monitored with a 
laser-induced fluorescence system using an argon-ion laser 
with an excitation wavelength of 488 nm and an emission 
band pass filter of 520 nm. 

Using the assay, a correlation plot is shown in FIG. 21. 
convert the percent unpaired cysteine Fab variant into per­
cent unpaired cysteine intact variant, it was estimated that 
18% of the pertuzumab molecules in anti2C4907-2 are 
heterodimer unpaired cysteine variants, 1 % of the per­
tuzumab molecules are homodimer unpaired cysteine vari­
ants, and 81 % are the wild-type homodimer form (without 
unpaired cysteines). These results are in a general agreement 
with the results from HIC analysis of either the Fab frag­
ments or the intact pertuzumab. 

Using the correlation plot (% ADCC=30.133+12.439x, 
wherex=% G0-F) and anADCC range of 40-135%, the final 

25 specification for Pertuzumab corresponds to 0.9-4.1 % G0-F. 

Limited Endoproteinase Lys-C Digestion to Generate the 30 

Fab: The Fab fragment of MAb A was generated through 
limited Lys-C digestion procedure. Briefly, MAb A (1 
mg/ml) was mixed with Lys-C enzyme at 1 :400 ratio in 100 
mM Tris, pH 7 .6, and then the mixture was incubated at 3 7° 
C. for 30 minutes. The reaction mixture was tagged with 35 

NEMin pH 5.5, 350 mM sodium acetate and SM Guanidine 
HCI. The digests were analyzed with an RP-HPLC method 
described below. 

Thus, using this validated CE-LIF assay, it is possible to 
evaluate Pertuzumab compositions to confirm the biological 
activity in terms of ADCC is within the desired range 
(40-135% ADCC activity=0.9-4.1% G0-F). 

Example 5 

Pertuzumab High-Molecular-Weight-Species 
(HMWS), Low-Molecular-Weight-Species (LMWS) 

and Characterization Thereof 

Pertuzumab was analyzed by SE-HPLC and CE-SDS to 
determine the amount of high-molecular-weight species 
(HMWS), generally dimer, and low-molecular-weight spe-RP-HPLC Conditions: RP-HPLC analysis was performed 

on an AGILENT 1200™ HPLC system (Palo Alto, CA, 
USA) equipped with a binary gradient pump, autosampler, 
temperature-controlled colunm compartment, and a diode 
array detector. The system included a Pursuit 3 diphenyl 
reversed phase colunm (150x4.6 mm, 3 µm, Varian, Lake 
Forest, CA, USA) that was run at 75° C. and 1 ml/min. The 
separation was monitored using absorbance at 280 nm. The 
mobile phase consisted of0.1 % TFAin water (mobile phase 

40 cies (LMWS). There was no difference in HMWS upon 
dilution, suggesting that the aggregates are non-dissociable. 
There was good agreement between analytical ultracentrifu­
gation (AUC) and SE-HPLC results in terms of HMWS 
quantitation, showing no evidence of size-exclusion chro-

45 matography missing or underestimating major HMWS. 

A) and 0.09% TFAinACN (mobile phase B). The 38-minute 
method began with a three minute gradient from 32% to 
36% mobile phase B, followed by an 18 minute linear 50 

gradient to 42% mobile phase B. The colunm was washed at 
95% mobile phase B for 5 minute and equilibrated at 32% 
mobile phase B for 10 minutes. 

RP-HPLC analysis of free thiol Fab generated by limited 
Lys-C digestion (FIG. 18) indicated the free thiol Fab is 55 

around 13%, consistent with the HIC in Example 1. The 
NEM tagged free thiol Fab becomes more hydrophobic, thus 
eluted later compared with free thiol Fab (FIG. 18) and 
further confirmed the presence of free thiol. See also FIG. 19 

Materials and Methods 

Pertuzumab Compositions Tested: This example 
describes the characterization of the current Pertuzumab 
Reference Standard Batch anti2C4907-2 and Run 1, repre­
senting Phase III clinical material, and five Phase III/ 
commercial batches (Runs 3-7), all produced at 12,000 liter 
(L) scale using the commercial process. 

Isolated HMWS: To prepare representative HMWS used 
for biological characterization, a pertuzumab batch from 
Run 3 was injected onto a preparative HPLC system using 
a preparative SE-HPLC column (TSK G3000SW, 21.5 
mmx600 mm) and the same isocratic mobile phase as 

in which peptide mapping confirms free thiol 

Example 4 

Afucosylation Quantification by CE-LIF 

60 described above at 4.5 mL/min. High-molecular-weight 
species were fraction collected and subsequently buffer 
exchanged into formulation buffer. HMWS were shown to 
be 70% pure by subsequent SE-HPLC analysis, with the 
remainder predominantly main peak. The main peak was 

This example describes a fully validated capillary elec­
trophoresis-laser-induced fluorescence (CE-LIF) assay for 

65 also collected and shown to be 100% pure. 
Isolated LMWS: To prepare isolated LMWS, a batch 

Number from Run 3 was digested with papain and subjected 
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to fraction collection using preparative HPLC, as above. The 
predominant forms were verified to be Fe and Fab by intact 
ESI-MS analysis. LMWS were shown to be 99% pure by 
subsequent analytical SE-HPLC. Isolated Fab variants were 
also prepared using papain treatment and collected by pre­
parative IE-HPLC. The Fab variant was shown to be 100% 
pure by subsequent analytical SE-HPLC. 

36 

SE-HPLC: Aliquots of pertuzumab were diluted to 10 
mg/mL with mobile phase (0.2 M potassium phosphate, pH 
6.2, 0.25 M potassium chloride). Samples were separated on 10 

a TSK G3000SWxL colunm (7.8 mmx300 mm) that was 
eluted isocratically. The flow rate was at 0.5 mL/min, and 
colunm temperature was at ambient temperature. The elu­
tion profile was monitored at 280 nm. For detection by 15 
multi-angle light scattering (MALS), pertuzumab samples 
were separated using two colunms in sequence connected 
inline to a WYATT DAWN HELEO™ MALS detector 

The proportion of pertuzumab eluting in the main peak 
was more than 99% for all materials. The amount of 
high-molecular-weight species (HMWS) ranged from 0.1 % 
to 0.2%, and the low-molecular-weight species (LMWS) 
was s0.1 %. All batches displayed similar chromatographic 
profiles. A purified HMWS fraction, including dimer and 
higher aggregates, was shown to have 46% potency relative 
to Reference Standard Batch anti2C4907-2. 

SE-HPLC was performed on both neat and diluted 
samples held at 30° C. to examine pertuzumab HMWS for 
both fast and slow-dissociating aggregates that could result 
from dilution and/or prolonged exposure to elevated room 
temperature. No decrease was seen in the HMWS content of 
diluted and/or heated Reference Standard Batch 
anti2C4907-2 as compared to the control. 

SE-HPLC separation combined with MALS performed 
on Reference Standard Batch anti2C4907-2 confirmed the (using 658 nm laser, 17 detectors) and a WYATT OPTI-

LAB™ rex refractive index detector. SE-HPLC main peak to be monomer, with a molecular 
CE-SDS: Each Pertuzumab batch was derivatized with 5 

20 
weight of approximately 150 kDa. 

carboxytetramethylrhodamine succinimidyl ester, a fluores­
cent dye. After removing the free dye using NAP-5 colunms, 
non-reduced samples were prepared by adding 40 mM 
iodoacetamide and heating at 70° C. for 5 minutes. For the 
analysis of reduced samples, the derivatized pertuzumab 
was mixed with sodium dodecyl sulfate (SDS) and 1 M DTT 
to a final concentration of 1 % SDS (v/v). Samples were then 
heated at 70° C. for 20 minutes. The prepared samples were 
analyzed on a CE system using a 50 µm inner diameterx31.2 
cm fused silica capillary maintained at 20° C. throughout the 
analysis. Samples were introduced into the capillary by 
electrokinetic injection at 10 kV for 40 seconds. The sepa­
ration was conducted at a constant voltage of 15 kV in the 
reversed polarity (negative to positive) mode using CE-SDS 
rumiing buffer as the sieving medium. An argon ion laser 
operating at 488 nm was used for fluorescence excitation 
with the resulting emission signal monitored at 560 nm. 

Results and Discussion 

SE-HPLC provides quantitative information about the 
molecular size distribution of a native protein. The SE­
HPLC profiles for the pertuzumab batches are shown in FIG. 

AUC in sedimentation velocity mode was used to char­
acterize the HMWS present in pertuzumab samples. Sedi­
mentation velocity is a technique independent from size 

25 exclusion chromatography that measures the levels of 
HMWS in a sample in the absence of a solid column matrix. 
AUC was performed on pertuzumab samples with increas­
ing levels of HMWS to determine if SE-HPLC is able to 
detect all major pertuzumab HMWS consistently by com-

3o paring the levels and species of aggregates determined by 
sedimentation velocity to those determined by SE-HPLC. 
Five samples ranging from 0.2% to 7.2% total HMWS 
(determined by SE-HPLC) were characterized by sedimen­
tation velocity and labeled A-E in Table 11 and FIG. 27. 

35 
These samples consisted of a representative pertuzumab 

Drug Product batch (labeled A) and four samples with 
enriched HMWS. The samples with enriched HMWS were 
chosen to be representative of a wide range of degradation 

40 mechanisms ( exposure to light, exposure to acidic pH, and 
purified IE-HPLC basic variants). 

SE-HPLC shows one major HMWS peak for samples A, 
B, C and E and two HMWS peaks for sample D (FIG. 27). 

25, and an expanded view of the profiles is shown in FIG. 45 

26. The relative peak area distribution of size-exclusion 
peaks is listed in Table 10. 

For samples A, B, C and E, AUC showed only one HMWS 
peak with a sedimentation coefficient at about 9.lS. In 
sample D, AUC showed two HMWS peaks with sedimen­
tation coefficients of about 9.lS and 10.8S. The HMWS 

Batch Name 

anti2C4-900-1 
anti2C4907-2a 
Run 1 
Run 3 
Run4 
Run 5 
Run 6 
Run 7 

Note: 

TABLE 10 

Relative Size Distribution of Pertuzumab 
by Size-Exclusion Chromatography 

Peak 

HMWS (%) Main Peak(%) 

0.1 99.8 
0.2 99.8 
0.2 99.8 
0.2 99.8 
0.1 99.8 
0.2 99.8 
0.2 99.8 
0.2 99.8 

The total percent may not add exactly to 100% due to rounding. 

LMWS (%) 

0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

HMWS = high-molecular-weight species; LMWS = low-molecular-weight species. 
"Values obtained from Reference Standard anti2C4907-2. 

detected by AUC are consistent with the SE-HPLC results; 

50 both methods show one main degradation product, with 
minor levels of a larger HMWS in sample D. 

55 

60 

65 

A comparison of the quantitative results of these samples 
from the two methods is presented in Table 11. 

Sample 

A 

B 

C 

TABLE 11 

Comparison of AUC and SE-HPLC Results 

% HMWS (total) 

AUC 

1.2 [31.4% RSD]" 

1.9 

4.8 

SE-HPLC 

0.2 

1.3 

5.5 
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Sample 

D 
E 

37 
TABLE 11-continued 

Comparison of AUC and SE-HPLC Results 

% HMWS (total) 

AUC 

6.4 
7.6 [7.9% RSD] 

SE-HPLC 

6.6 
7.2 

Pertuzumab 

Samples and 
Conditions 

Control 

38 
TABLE 12 

Biological Activities of Pertuzumab 
Main Peak HMWS and LMWS 

Mean% Activity (n = 3) 

Anti- HER2 FcyRIIIa 
Proliferation Binding Binding ADCC 

103 108 91b sob 

FcRn 
Binding 

80 

Note 1: 

Sample A consists of a representative pertuzumab Drug Product batch, Sample B consists 
of a pertuzumab batch subjected to light exposure at 1.2 mlux hours, Sample C consists 
of a pertuzumab batch subjected to light exposure at 3.6 mlux hours, Sample D consists 
of a pertuzumab batch subjected to acid treatment at pH 3.2, and Sample E consists of 
purified basic variants from IE-HPLC. 

10 Main Peak 
HMWS 
LMWS 

104 
46 
12a 

96 
82 
73a 

96 79 87 
522 38 73 

23a No 7a 

Activity 

Note: 

Note 2: 15 
Percent activity reported relative to pertuzumab Reference Standard (Batch anti2C4907-2). 

Refer to FIG. 27 for corresponding SE-HPLC chromatograms. 

AUC = analytical ultracentrifugation; HMWS = high-molecular-weight species; RSD = 
relative standard deviation; SE-HPLC = size-exclusion high-performance liquid chroma­
tography. 
aSamples A and B have HMWS levels that are below the limit of quantitation of the AUC 
technique. 

ADCC = antibody-dependent cell-mediated cytotoxicity; HMWS = high-molecular-weight 
species; LMWS = low-molecular-weight species. 
aThe LMWS sample consist of 2/3 Fab and 1/3 Fe fragments. The value shown reflects 
nM/nM adjustment based on molecular weight (Fab = 47644 Da, Fe= 52800 Da, and the 
full length antibody= 148088 Da. 
bThe pertuzumab Reference Standard (Batch anti2C4907-2) has a GO-F level of 2.2%, 
while the control sample had a GO-F of 1.7%. Results have not been corrected for 

20 difference in afucosylated material level. 

For samples C, D, and E there is good agreement in the 
percent HMWS measured by both techniques. The low level 
of HMWS present in samples A and B prevents an accurate 
quantitation of the species by AUC, which has an estimated 
Limit of Quantitation of 3.7% (Gabrielson and Arthur, 25 

Methods 54:83-91 (2011)). This is reflected by an apparent 
discrepancy in percent HMWS between SE-HPLC and A UC 
(Table 11 ). A correlation across a range of HMWS levels 
was evaluated. The correlation coefficient (Lin, L, Biomet-

30 
rics 45:255-68 (1989)) was calculated to be 0.97 (n=5) 
indicating good agreement betweenAUC and SE-HPLC for 
the quantitation of HMWS (FIG. 28). 

These results confirm that SE-HPLC is robust in measur-

Capillary Electrophoresis Sodium Dodecyl Sulfate (CE­
SDS): CE-SDS with laser-induced fluorescence (LIF) detec­
tion analysis is a high-sensitivity assay that provides a 
means of quantitatively assessing the molecular size distri­
bution of proteins under denaturing conditions. In the CE­
SDS analysis of non-reduced samples (FIG. 29), pertuzumab 
migrated as a prominent peak consisting of 96%-98% of the 
total peak area with minor peaks representing LMWS and 
HMWS. The amount of HMWS determined by this tech­
nique was 0.6% for all materials tested. The remaining 
species migrated as LMWS as shown in FIG. 30 (expanded 
view). The sample heating-induced fragmentation is mini­
mized with alkylation (Salas-Solano et al. Anal Chem 

ing HMWS for pertuzumab. SE-HPLC is able to detect and 
accurately quantitate all HMWS species observed by AUC. 

35 78:6583-6594 (2006)). The relative distribution of the spe­
cies separated by CE-SDS is listed in Table 13. 

Size-based heterogeneity, analyzed by SE-HPLC, SDS­
PAGE, and CE-SDS, was consistent among the batches. The 
SE-HPLC assay showed similar levels of HMWS (0.1 %-

40 
0.2%) and LMWS (0.0%-0.1%) for all batches tested. The 
banding patterns developed by SDS-PAGE analysis for 
reduced and non-reduced samples were consistent, as were 
the electrophoretic profiles generated by CE-SDS. 

In one embodiment, the amounts of the main species 
Pertuzumab and HMWS variant and 

LMWS variant as evaluated by SE-HPLC is as follows: 

;;,;96% Main Peak e.g., ;;,;96.7% Main Peak, e.g., ;;,;97.3% 
Main Peak e.g., ;;,;97.4% Main Peak s2% HMWS, e.g., 
sl.7% HMWS, e.g., sl.5% HMWS, e.g., sl.4% HMWS, 
e.g. s0.8% HMWS. s2% LMWS, e.g., sl .6% LMWS, e.g., 
sl.2% LMWS, e.g. s0.6% LMWS. 

45 

50 

55 
Both the pertuzumab HMWS and LMWS fractions puri­

fied by SE-HPLC exhibited a decreased anti-proliferation 
activity compared to the main peak and control, which was 
fully potent. All size variants showed comparable HER2 
binding activity and FcRn binding activity compared to the 
control, except for the LMWS, which showed lower FcRn 60 
binding. Since the LMWS sample contains 2/2 Fab fragments 
and ½ Fe fragments, the lower anti proliferation and FcRn 
binding activity are as expected. The HMWS showed higher 
FcyRIIIa (CD16) V158 binding activity, but lower ADCC 
activity. The LMWS showed lower FcyRIIIa (CD16) V158 65 

binding activity, and no ADCC activity was observed for this 
variant (Table 12). 

TABLE 13 

Relative Distribution of Non-Reduced Pertuzumab by CE-SDS 
(Percent Peak Area) 

Peak 

Batch Narue 2 4 Main HMWS 

anti2C4-900-1 0.1 0.2 0.1 0.2 0.2 0.9 97.8 0.6 
anti2C4907-2 0.1 0.3 0.1 0.3 0.2 1.9 96.5 0.6 
Run 1 0.1 0.3 0.1 0.4 0.2 1.7 96.7 0.6 
Run 3 0.1 0.4 0.1 0.3 0.2 2.3 96.0 0.6 
Run4 0.1 0.4 0.1 0.3 0.2 2.3 96.1 0.6 
Run 5 0.1 0.3 0.1 0.2 0.2 2.0 96.4 0.6 
Run 6 0.1 0.4 0.1 0.3 0.2 2.2 96.2 0.6 
Run 7 0.1 0.4 0.0 0.2 0.2 2.1 96.3 0.6 

Note: 

The total % may not add exactly to 100% due to rounding. 

CE-SDS = capillary electrophoresis sodium dodecyl sulfate; 

HMWS = high-molecular-weight species. 

A minor difference was observed wherein Peak 6 
increased from 0.9% in the Reference Standard Batch 
anti2C4-900-l (Phase I/II process) to 1.7%-2.3% for Ref­
erence Standard Batch anti2C4907-2, Run 1, and Runs 3-7. 

In one embodiment, the Pertuzumab main peak (exclud­
ing LMWS and HMWS) as separated or isolated by NR-CE­
SDS is from about 95% to about 99%, e.g., from about 
96.0% to about 97.8%. Optionally, the amount ofHMWS is 
sl %, e.g. s0.6% and the amount of LMWS is s4%, e.g. 
s3.4% as separated or isolated by CE-SDS. 
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Example 6 

Detection and Quantification of Pertuzumab 
Fragmentation 

The purpose of this example was to evaluate size exclu­
sion chromatography (SE-HPLC), reduced capillary elec­
trophoresis sodium dodecyl sulfate (R-CE-SDS), and non­
reduced CE-SDS (NR-CE-SDS) methods for the detection 

10 
of pertuzumab fragments. 

Materials and Methods 

40 
For this study, this small peak is reported separately as Peak 
2a to differentiate the fragment from light chain (LC). 

2C4907-2 

Thermal 

Acid Treated 

TABLE 14 

SE-HPLC Quantitative Data (% Peak Area) 

HMWS (%) Main Peak(%) 

0.18 99.77 

LMWS (%) 

Samples evaluated in this study are summarized below. 15 Accelerated stability 

0.40 

7.09 

0.26 

0.19 

98.96 

92.65 

99.23 

99.68 

0.04 

0.64 

0.26 

0.51 

0.13 These include pertuzumab samples that have been subjected DP Stability 

to various stressed conditions which might result in 
increased fragmentation. 

TABLE 15 

NR-CE-SDS Quantitative Data (% CPA) 

Peak 5 
Peak 2 Peak Peak 3 Peak 4 (HH/des Peak 6 Main 

Peak 1 (LC) 2a (Fab) (HL) Fab) (HHL) Peak HMWS 

2C4907-2 0.12 
Thermal 0.42 
Acid 0.15 
Treated 
Acee!. 0.35 
Stability 
DP 0.22 
Stability 

LC = Light Chain, 

Reference Standard (2C4907-2) 
Thermally stressed (42 days, 40° C.) 

HC = Heavy Chain, 
L = Light, 
H = Heavy 

Acid treated (pH 3.2, 1 day, 40° C.) 40 

Accelerated stability (30 days at 40° C. then stored at 
approximately 5° C.) 

Real time Drug Product (DP) stability (T=0 and T=548 
days and stored at approximately 5° C.) and corre-
sponding Drug Substance (DS) 45 

SE-HPLC was carried out as described in Example 5 
above, with the following reportable values: LMWS, Main 
Peak, HMWS, and all other significant peaks above limit of 
quantification (LOQ). 

Reduced CE-SDS (R-CE-SDS) was carried out according 50 

to Example 5 above, with reportable values: Peak 1, LC, 
Peak 2, Peak 3, NGHC, HC, Peak 5, Inc. Red., and other 
significant peaks above LOQ. 

Non-reduced CE-SDS (NR-CE-CDS) was carried out as 
in Example 5 above, with sample preparation excluding the 55 

antibody reduction step to allow non-reduced analysis by 
eliminated dithiothreitol (DTT) from the SDS complexation 
step. 

Qualitative results obtained by SE-HPLC, NR-CE-SDS, 
and R-CE-SDS are presented in FIGS. 31A-B, FIGS. 32A- 60 

B, and FIGS. 33A-B, respectively, as well as Tables 14, 15, 
and 16, respectively. 

Peak identifications are based on Hunt & Nashabeh 
Analytical Chemistry 71: 2390-2397 (1999), and Ma & 
Nashabeh Chromatographia Supplement 53: S75-S89 65 

(2001). For NR-CE-SDS analysis, a small peak after Peak 2 
is typically included as part of Peak 2 during data reporting. 

0.29 0.05 0.07 0.35 0.18 1.90 96.32 
0.70 0.09 0.61 0.52 1.36 3.62 91.99 
0.37 0.17 0.35 0.45 0.66 3.19 93.42 

0.59 0.09 0.48 0.44 1.07 3.25 92.90 

0.37 0.06 0.20 0.33 0.43 2.53 95.27 

TABLE 16 

R-CE-SDS Quantitative Data (% CPA) 

Peak Peak 
1 LC 2 

2C4907-2 0.31 25.30 0.92 
Thermal 0.54 26.16 1.12 
Acid 0.38 25.04 5.58c 
Treated 
Acee!. 0.51 25.01 0.98 
Stability 
DP 0.19 26.34 0.69 
Stability 

NGHC = Non-Glycosylated Heavy Chain, 
HC = Heavy Chain, 
Inc. Red. = Incompletely Reduced 

Peak 
3 NGHC HC 

2.44 2.81 66.82 
3.13 2.81 64.54 
2.77 2.41 62.91 

2.99 3.16 66.10 

3.21 2.83 65.93 

Peak 
5 

0.48 
0.27 
0.19 

0.25 

0.24 

0.73 
0.71 
1.25 

0.84 

0.60 

Inc. 
Red. 

0.91 
1.43 
0.71 

1.03 

0.57 

Data Evaluation: The percent peak area ( or percent cor­
rected peak area,% CPA, for CE-SDS) of relevant fragments 
was compared to determine if either of the CE-SDS methods 
provide non-redundant information as compared to SE­
HPLC. Relevant fragments include peaks with unknown 
structure, or those that are known to contain products 
derived from cleavage of polypeptide chain(s). These frag­
ments are distinct from the dissociable non-disulfide bonded 
heavy and/or light chain fragments that are present in 
antibody products and are commonly observed by CE-SDS. 
Fragment peaks must be resolved from other peaks to enable 
sensitive detection and accurate quantitation. 

Ability to Detect Small Fragments: Small fragments can 
be observed in both R-CE-SDS and NR-CE-SDS analysis, 
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and are named as Peak 1 in both assays. These peaks retain 
the same general shape and migration time, and increase 
similarly under stressed conditions in both assays. There­
fore, Peak 1 is presumed to contain the same species in both 
assays. Both CE-SDS assays are capable of detecting small 5 

fragments, as noted in Table 17. 
Ability to Detect Fragments Generated by Acid Hydro­

lysis (Acid Clips): Prolonged exposure to acidic conditions 
can generate fragments, particularly at the Asp-Pro sequence 
(pertuzumab heavy chain residues 272-273), as supported by 10 

mass spectrometric analysis of the acid-treated sample 
showing masses at 29039 Da (HC 1-272) and 21513 Da (HC 
273-448 with GO glycan). The theoretical masses for these 
forms are 29031 Da and 21510 Da, respectively. Based on 15 
the expected migration time of these forms, a corresponding 
peak can be seen clearly in the reduced CE-SDS analysis of 
the acid treated sample (Peak 2, FIG. 34), but is detected at 
a much lower level (lower signal) in the non-reduced assay. 
It can be postulated that in the NR-CE-SDS assay the Peak 20 

2 fragment is presumably disulfide linked, and therefore not 
detected. Since the level of Peak 2 detected by R-CE-SDS 
(5.58%) in the acid-treated sample exceeds the total LMWS 
as detected by SE-HPLC (0.26%) for this sample, it can be 
concluded that SE-HPLC is also insufficient for detection of 25 

these forms. Therefore, the reduced CE-SDS assay is the 
only assay presented herein capable of detecting fragmen­
tation generated as a result of acid hydrolysis, as noted in 
Table 17. 

Ability to Detect Fab/DesFab Fragments: There is a good 30 

linear correlation (r=0.97) between the LMWS as detected 
by SE-HPLC, and Peak 3 from the non-reduced CE-SDS 
assay (FIG. 35). The LMWS was identified to contain the 
Fab fragment through co-elution studies with enzymatically 

35 
generated Fab. Similarly, Peak 3 and Peak 5 in the NR-CE­
SDS assay were identified through co-migration studies with 
enzymatically generated Fab and DesFab, respectively (Ma 

42 
Upon analysis by R-CE-SDS, purified pertuzumab light 

chain fractions produce Peak 3 having an apparent MW 
approximately 2-times the theoretical size of LC. 

Peak 3 is not observed when the electrophoretic condi­
tions include a higher capillary temperature, and no 
other co-migrating fragments are observed under these 
conditions. 

Studies involving single amino acid mutations have iden­
tified three amino acid residues in LC CDRl and CDR2 
correlated with LC-LC dimer formation. When any of 
these three residues is replaced by another amino acid, 
Peak 3 completely dissociates and is no longer 
observed by reduced CE-SDS. 

SDS-PAGE analysis coupled with MALDI-TOF Protein 
Mass Fingerprinting (PMF) confirmed no host cell 
proteins were present in pertuzumab, nor was an analo­
gous band detected at levels observed by CE-SDS. 

Taken collectively, these results support the identification 
of Peak 3 as a method-induced, 

LC-LC dimer specific to pertuzumab. 

Discussion 

Evaluation of data obtained from this study indicates that: 
(1) NR-CE-SDS does provide non-redundant information 

as compared to SE-HPLC for the detection of fragments 
(2) The non-redundant fragmentation information 

obtained by the NR-CE-SDS method (as compared to SE­
HPLC) can also be obtained using the R-CE-SDS method 

As shown in Table 16, the reduced assay detected cleav­
age products resulting from low pH exposure, which may 
occur during Drug Substance manufacture. Table 18 con­
tains the values obtained for reduced CE-SDS Peak 1 and 
Peak 2 for pertuzumab reference standard, phase III material 
(n=3), and batches produced using the commercial manu­
facturing process (n=39). The 95/99 tolerance intervals (Tis) 
have been calculated for Peak 1 and Peak 2 using a k value 
of 3.2, and are presented in Table 18. The 95/99 tolerance 
interval for Peak 1 is 0.0 to 0.4% CPA. The 95/99 tolerance & Nashabeh, supra). The desFab peak arises from the heavy 

chain cleavage that produced the Fab form, so it is presumed 
to be in a an equivalent molar quantity ( corresponds to a 2: 1 
mass ratio) relative to the Fab fragment, and thus, informa­
tion on this form can also be indirectly obtained by SE­
HPLC as noted in Table 17. 

40 interval for Peak 2 is 0.3 to 0.9% CPA. 

45 

TABLE 17 

Detection Capability for Fragments 
by SE-HPLC NR-CE-SDS and R-CE-SDS 

Fragment SE-HPLC NR-CE-SDS R-CE-SDS 50 

Small Fragments Unknown Yes Yes 
CE-SDS Peak 1 
Acidic Clips No No Yes 
(R-CE-SDS Peak 2) 
Fab/DesFab Yes/(indirectly) Yes No 

55 

Reduced CE-SDS Peak 3: R-CE-SDS Peak 3 is unique for 
pertuzumab and has not been observed in the CE-SDS 
analysis of other antibodies. Extended characterization 
results support the conclusion that Peak 3 is not a product 60 

variant or impurity, but rather a method-induced artifact 
specific to pertuzumab consisting of a dissociable form of 
LC-LC dimer. Multiple techniques were employed to char­
acterize Peak 3. 

Peak 3 is observed by R-CE-SDS with UV and LIF 65 

detection, suggesting it is not a dye-labeling or sample 
preparation artifact. 

TABLE 18 

R-CE-SDS Quantitative Data (% CPA) on 43 Batches Tested 

n Batch Peak 1 (% CPA) Peak 2 (% CPA) 

1 anti2C4907-2 0.31 0.92 
2 SSF000l 0.25 0.63 
3 SSF0002 0.20 0.62 
4 SSF0003 0.27 0.60 
5 VV0002 0.27 0.47 
6 VV0003 0.28 0.49 
7 VV0004 0.25 0.51 
8 VV0005 0.41 0.55 
9 VV0006 0.27 0.50 

10 VV0007 0.29 0.50 
11 VV0008 0.30 0.53 
12 VV0009 0.26 0.54 
13 VV0013 0.19 0.54 
14 VV0018 0.17 0.56 
15 VV0020 0.17 0.58 
16 VV0021 0.18 0.62 
17 VV0023 0.14 0.62 
18 VV0024 0.13 0.64 
19 VV0025 0.18 0.69 
20 VV0026 0.13 0.58 
21 VV0028 0.17 0.60 
22 VV0029 0.18 0.61 
23 VV0031 0.18 0.65 
24 VV0032 0.16 0.69 
25 VV0033 0.18 0.69 
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A final acceptance criteria of Peak ls0.5% and Peak 
2sl .0% on Drug Substance release is selected herein. 

R-CE-SDS Quantitative Data(% CPA) on 43 Batches Tested 
As the pertuzumab Drug Substance is stored frozen, there 

n Batch Peak 1 (% CPA) Peak 2 (% CPA) would be no expected changes on DS stability. In addition, 

26 VV0034 0.18 0.67 
based on R-CE-SDS data obtained for Drug Product at both 

27 VV0035 0.17 0.59 T=O and T548d (Table 19), no significant change is observed 
28 VV0036 0.17 0.67 for any of the named species. 
29 VV0037 0.19 0.74 
30 VV0038 0.19 0.71 
31 VV0039 0.19 0.73 10 TABLE 19 
32 VV0040 0.19 0.70 
33 VV0041 0.18 0.72 

R-CE-SDS Quantitative Data(% CPA) for a DP Stability Sample 
34 VV0042 0.19 0.73 
35 VV0043 0.19 0.61 
36 VV0044 0.20 0.67 Peak Peak Peak Peak Inc. 
37 VV0046 0.20 0.62 15 
38 VV0047 0.22 0.66 LC 2 NGHC HC Red. 

39 VV0048 0.22 0.63 
40 VV0049 0.20 0.69 

DS Release 0.25 26.72 0.51 2.27 2.76 66.66 0.27 0.56 
41 VV0050 0.18 0.49 
42 VV0051 0.16 0.63 DP Stability 0.13 26.45 0.54 2.78 2.78 66.53 0.30 0.49 
43 VV0052 0.18 0.60 T-0 

Mean 0.21 0.62 20 

Standard Deviation 0.06 0.09 DP Stability 0.19 26.34 0.69 3.21 2.83 65.93 0.24 0.57 

Minimwn 0.13 0.47 T - 548 d 
Maximum 0.41 0.92 
N 43 43 
K 3.2 3.2 NGHC = Non-Glycosylated Heavy Chain, 
Lower TI 0.02 0.33 25 
Upper TI 0.40 0.91 

HC = Heavy Chain, 

Inc. Red. = Incompletely Reduced 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS, 24 

<210> SEQ ID NO 1 
<211> LENGTH, 195 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 1 

Thr Gln Val Cys Thr Gly Thr Asp Met Lys Leu Arg Leu Pro Ala 
1 5 10 15 

Ser Pro Glu Thr His Leu Asp Met Leu Arg His Leu Tyr Gln Gly 
20 25 30 

Cys Gln Val Val Gln Gly Asn Leu Glu Leu Thr Tyr Leu Pro Thr 
35 40 45 

Asn Ala Ser Leu Ser Phe Leu Gln Asp Ile Gln Glu Val Gln Gly 
50 55 60 

Tyr Val Leu Ile Ala His Asn Gln Val Arg Gln Val Pro Leu Gln 
65 70 75 

Arg Leu Arg Ile Val Arg Gly Thr Gln Leu Phe Glu Asp Asn Tyr 
80 85 90 

Ala Leu Ala Val Leu Asp Asn Gly Asp Pro Leu Asn Asn Thr Thr 
95 100 105 

Pro Val Thr Gly Ala Ser Pro Gly Gly Leu Arg Glu Leu Gln Leu 
110 115 120 

Arg Ser Leu Thr Glu Ile Leu Lys Gly Gly Val Leu Ile Gln Arg 
125 130 135 

Asn Pro Gln Leu Cys Tyr Gln Asp Thr Ile Leu Trp Lys Asp Ile 
140 145 150 

Phe His Lys Asn Asn Gln Leu Ala Leu Thr Leu Ile Asp Thr Asn 
155 160 165 
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-continued 

Arg Ser Arg Ala Cys His Pro Cys Ser Pro Met Cys Lys Gly Ser 
170 175 180 

Arg Cys Trp Gly Glu Ser Ser Glu Asp Cys Gln Ser Leu Thr Arg 
185 190 195 

<210> SEQ ID NO 2 
<211> LENGTH, 124 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 2 

Thr Val Cys Ala Gly Gly Cys Ala Arg Cys Lys Gly Pro Leu Pro 
1 5 10 15 

Thr Asp Cys Cys His Glu Gln Cys Ala Ala Gly Cys Thr Gly Pro 
20 25 30 

Lys His Ser Asp Cys Leu Ala Cys Leu His Phe Asn His Ser Gly 
35 40 45 

Ile Cys Glu Leu His Cys Pro Ala Leu Val Thr Tyr Asn Thr Asp 
50 55 6 0 

Thr Phe Glu Ser Met Pro Asn Pro Glu Gly Arg Tyr Thr Phe Gly 
65 70 75 

Ala Ser Cys Val Thr Ala Cys Pro Tyr Asn Tyr Leu Ser Thr Asp 
80 85 90 

Val Gly Ser Cys Thr Leu Val Cys Pro Leu His Asn Gln Glu Val 
95 100 105 

Thr Ala Glu Asp Gly Thr Gln Arg Cys Glu Lys Cys Ser Lys Pro 
110 115 120 

Cys Ala Arg Val 

<210> SEQ ID NO 3 
<211> LENGTH, 169 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 3 

Cys Tyr Gly Leu Gly Met Glu His Leu Arg Glu Val Arg Ala Val 
1 5 10 15 

Thr Ser Ala Asn Ile Gln Glu Phe Ala Gly Cys Lys Lys Ile Phe 
20 25 30 

Gly Ser Leu Ala Phe Leu Pro Glu Ser Phe Asp Gly Asp Pro Ala 
35 40 45 

Ser Asn Thr Ala Pro Leu Gln Pro Glu Gln Leu Gln Val Phe Glu 
50 55 6 0 

Thr Leu Glu Glu Ile Thr Gly Tyr Leu Tyr Ile Ser Ala Trp Pro 
65 70 75 

Asp Ser Leu Pro Asp Leu Ser Val Phe Gln Asn Leu Gln Val Ile 
80 85 90 

Arg Gly Arg Ile Leu His Asn Gly Ala Tyr Ser Leu Thr Leu Gln 
95 100 105 

Gly Leu Gly Ile Ser Trp Leu Gly Leu Arg Ser Leu Arg Glu Leu 
110 115 120 

Gly Ser Gly Leu Ala Leu Ile His His Asn Thr His Leu Cys Phe 
125 130 135 

Val His Thr Val Pro Trp Asp Gln Leu Phe Arg Asn Pro His Gln 
140 145 150 

Ala Leu Leu His Thr Ala Asn Arg Pro Glu Asp Glu Cys Val Gly 

46 
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-continued 

155 160 165 

Glu Gly Leu Ala 

<210> SEQ ID NO 4 
<211> LENGTH, 142 
<212> TYPE, PRT 
<213> ORGANISM, Homo sapiens 

<400> SEQUENCE, 4 

Cys His Gln Leu Cys Ala Arg Gly His Cys Trp Gly Pro Gly Pro 
1 5 10 15 

Thr Gln Cys Val Asn Cys Ser Gln Phe Leu Arg Gly Gln Glu Cys 
20 25 30 

Val Glu Glu Cys Arg Val Leu Gln Gly Leu Pro Arg Glu Tyr Val 
35 40 45 

Asn Ala Arg His Cys Leu Pro Cys His Pro Glu Cys Gln Pro Gln 
50 55 6 0 

Asn Gly Ser Val Thr Cys Phe Gly Pro Glu Ala Asp Gln Cys Val 
65 70 75 

Ala Cys Ala His Tyr Lys Asp Pro Pro Phe Cys Val Ala Arg Cys 
80 85 90 

Pro Ser Gly Val Lys Pro Asp Leu Ser Tyr Met Pro Ile Trp Lys 
95 100 105 

Phe Pro Asp Glu Glu Gly Ala Cys Gln Pro Cys Pro Ile Asn Cys 
110 115 120 

Thr His Ser Cys Val Asp Leu Asp Asp Lys Gly Cys Pro Ala Glu 
125 130 135 

Gln Arg Ala Ser Pro Leu Thr 
140 

<210> SEQ ID NO 5 
<211> LENGTH, 107 
<212> TYPE, PRT 
<213> ORGANISM, Mus musculus 

<400> SEQUENCE, 5 

Asp Thr Val Met Thr Gln Ser His Lys Ile Met Ser Thr Ser Val 
1 5 10 15 

Gly Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Ser 
20 25 30 

Ile Gly Val Ala Trp Tyr Gln Gln Arg Pro Gly Gln Ser Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Asp 
50 55 6 0 

Arg Phe Thr Gly Ser Gly Ser Gly Thr Asp Phe Thr Phe Thr Ile 
65 70 75 

Ser Ser Val Gln Ala Glu Asp Leu Ala Val Tyr Tyr Cys Gln Gln 
80 85 90 

Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gly Gly Thr Lys Leu Glu 

Ile Lys 

<210> SEQ ID NO 6 
<211> LENGTH, 119 
<212> TYPE, PRT 

95 100 105 

<213> ORGANISM, Mus musculus 

48 
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-continued 

<400> SEQUENCE, 

Glu Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Lys Pro Gly 
1 5 10 15 

Thr Ser Val Lys Ile Ser Cys Lys Ala Ser Gly Phe Thr Phe Thr 
20 25 30 

Asp Tyr Thr Met Asp Trp Val Lys Gln Ser His Gly Lys Ser Leu 
35 40 45 

Glu Trp Ile Gly Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr 
50 55 6 0 

Asn Gln Arg Phe Lys Gly Lys Ala Ser Leu Thr Val Asp Arg Ser 
65 70 75 

Ser Arg Ile Val Tyr Met Glu Leu Arg Ser Leu Thr Phe Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr 
95 100 105 

Phe Asp Tyr Trp Gly Gln Gly Thr Thr Leu Thr Val Ser Ser 
110 115 

<210> SEQ ID NO 7 
<211> LENGTH, 107 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 7 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Val Ser 
20 25 30 

Ile Gly Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Ser 
50 55 6 0 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 

Ile Lys 

<210> SEQ ID NO 8 
<211> LENGTH, 119 
<212> TYPE, PRT 

95 100 105 

<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 8 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr 
20 25 30 

Asp Tyr Thr Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr 

50 
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-continued 

50 55 60 

Asn Gln Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr 
95 100 105 

Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 

<210> SEQ ID NO 9 
<211> LENGTH, 107 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 9 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Ser 
20 25 30 

Asn Tyr Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ala Ala Ser Ser Leu Glu Ser Gly Val Pro Ser 
50 55 6 0 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Tyr Asn Ser Leu Pro Trp Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys 

<210> SEQ ID NO 10 
<211> LENGTH, 119 
<212> TYPE, PRT 
<213> ORGANISM, Artificial Sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 10 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser 
20 25 30 

Ser Tyr Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Val Ile Ser Gly Asp Gly Gly Ser Thr Tyr Tyr 
50 55 6 0 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Gly Arg Val Gly Tyr Ser Leu 
95 100 105 

Tyr Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
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110 115 

<210> SEQ ID NO 11 
<211> LENGTH, 214 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 11 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Val Ser 
20 25 30 

Ile Gly Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly Val Pro Ser 
50 55 6 0 

Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 
125 130 135 

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val 
140 145 150 

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu 
155 160 165 

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr 
170 175 180 

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 
185 190 195 

Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn 
200 205 210 

Arg Gly Glu Cys 

<210> SEQ ID NO 12 
<211> LENGTH, 448 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 12 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr 
20 25 30 

Asp Tyr Thr Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr 
50 55 6 0 

Asn Gln Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser 
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65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr 
95 100 105 

Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala 
110 115 120 

Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 
125 130 135 

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp 
140 145 150 

Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu 
155 160 165 

Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly 
170 175 180 

Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu 
185 190 195 

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn 
200 205 210 

Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr 
215 220 225 

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 
230 235 240 

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile 
245 250 255 

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His 
260 265 270 

Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu 
275 280 285 

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser 
290 295 300 

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp 
305 310 315 

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu 
320 325 330 

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro 
335 340 345 

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met 
350 355 360 

Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 
365 370 375 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu 
380 385 390 

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser 
395 400 405 

Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln 
410 415 420 

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His 
425 430 435 

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly 
440 445 

<210> SEQ ID NO 13 
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<211> LENGTH, 214 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 13 

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val 
1 5 10 15 

Gly Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Asn 
20 25 30 

Thr Ala Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys 
35 40 45 

Leu Leu Ile Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser 
50 55 6 0 

Arg Phe Ser Gly Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile 
65 70 75 

Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln 
80 85 90 

His Tyr Thr Thr Pro Pro Thr Phe Gly Gln Gly Thr Lys Val Glu 
95 100 105 

Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro 
110 115 120 

Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu 
125 130 135 

Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val 
140 145 150 

Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser Val Thr Glu 
155 160 165 

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr 
170 175 180 

Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala Cys Glu 
185 190 195 

Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe Asn 
200 205 210 

Arg Gly Glu Cys 

<210> SEQ ID NO 14 
<211> LENGTH, 449 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 14 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Asn Ile Lys 
20 25 30 

Asp Thr Tyr Ile His Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Arg Ile Tyr Pro Thr Asn Gly Tyr Thr Arg Tyr 
50 55 6 0 

Ala Asp Ser Val Lys Gly Arg Phe Thr Ile Ser Ala Asp Thr Ser 
65 70 75 

Lys Asn Thr Ala Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 
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Thr Ala Val Tyr Tyr Cys Ser Arg Trp Gly Gly Asp Gly Phe Tyr 
95 100 105 

Ala Met Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser 
110 115 120 

Ala Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser 
125 130 135 

Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys 
140 145 150 

Asp Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala 
155 160 165 

Leu Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser 
170 175 180 

Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser 
185 190 195 

Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser 
200 205 210 

Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys 
215 220 225 

Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly 
230 235 240 

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met 
245 250 255 

Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser 
260 265 270 

His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val 
275 280 285 

Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn 
290 295 300 

Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp 
305 310 315 

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala 
320 325 330 

Leu Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln 
335 340 345 

Pro Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu 
350 355 360 

Met Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe 
365 370 375 

Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro 
380 385 390 

Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly 
395 400 405 

Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp 
410 415 420 

Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu 
425 430 435 

His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly 
440 445 

<210> SEQ ID NO 15 
<211> LENGTH, 217 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
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<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 15 

Val His Ser Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser 
1 5 10 15 

Ala Ser Val Gly Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln 
20 25 30 

Asp Val Ser Ile Gly Val Ala Trp Tyr Gln Gln Lys Pro Gly Lys 
35 40 45 

Ala Pro Lys Leu Leu Ile Tyr Ser Ala Ser Tyr Arg Tyr Thr Gly 
50 55 6 0 

Val Pro Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr 
65 70 75 

Leu Thr Ile Ser Ser Leu Gln Pro Glu Asp Phe Ala Thr Tyr Tyr 
80 85 90 

Cys Gln Gln Tyr Tyr Ile Tyr Pro Tyr Thr Phe Gly Gln Gly Thr 
95 100 105 

Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro Ser Val Phe Ile 
110 115 120 

Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr Ala Ser Val 
125 130 135 

Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys Val Gln 
140 145 150 

Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu Ser 
155 160 165 

Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser 
170 175 180 

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr 
185 190 195 

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys 
200 205 210 

Ser Phe Asn Arg Gly Glu Cys 
215 

<210> SEQ ID NO 16 
<211> LENGTH, 449 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 16 

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly 
1 5 10 15 

Gly Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Thr 
20 25 30 

Asp Tyr Thr Met Asp Trp Val Arg Gln Ala Pro Gly Lys Gly Leu 
35 40 45 

Glu Trp Val Ala Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr 
50 55 6 0 

Asn Gln Arg Phe Lys Gly Arg Phe Thr Leu Ser Val Asp Arg Ser 
65 70 75 

Lys Asn Thr Leu Tyr Leu Gln Met Asn Ser Leu Arg Ala Glu Asp 
80 85 90 

Thr Ala Val Tyr Tyr Cys Ala Arg Asn Leu Gly Pro Ser Phe Tyr 
95 100 105 
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Phe Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala 
110 115 120 

Ser Thr Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys 
125 130 135 

Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp 
140 145 150 

Tyr Phe Pro Glu Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu 
155 160 165 

Thr Ser Gly Val His Thr Phe Pro Ala Val Leu Gln Ser Ser Gly 
170 175 180 

Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser Ser Leu 
185 190 195 

Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser Asn 
200 205 210 

Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr 
215 220 225 

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro 
230 235 240 

Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile 
245 250 255 

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His 
260 265 270 

Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu 
275 280 285 

Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser 
290 295 300 

Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp 
305 310 315 

Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu 
320 325 330 

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro 
335 340 345 

Arg Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Glu Glu Met 
350 355 360 

Thr Lys Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr 
365 370 375 

Pro Ser Asp Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu 
380 385 390 

Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser 
395 400 405 

Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp Lys Ser Arg Trp Gln 
410 415 420 

Gln Gly Asn Val Phe Ser Cys Ser Val Met His Glu Ala Leu His 
425 430 435 

Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro Gly Lys 
440 445 

<210> SEQ ID NO 17 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 
<220> FEATURE, 
<221> NAME/KEY, Xaa 
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<222> LOCATION, 10 
<223> OTHER INFORMATION, Xaa is preferrably Dor S 

<400> SEQUENCE, 17 

Gly Phe Thr Phe Thr Asp Tyr Thr Met Xaa 

<210> SEQ ID NO 18 
<211> LENGTH, 17 
<212> TYPE, PRT 

5 10 

<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 18 

Asp Val Asn Pro Asn Ser Gly Gly Ser Ile Tyr Asn Gln Arg Phe 
1 5 10 15 

Lys Gly 

<210> SEQ ID NO 19 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 19 

Asn Leu Gly Pro Ser Phe Tyr Phe Asp Tyr 

<210> SEQ ID NO 20 
<211> LENGTH, 11 
<212> TYPE, PRT 

5 10 

<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 20 

Lys Ala Ser Gln Asp Val Ser Ile Gly Val Ala 

<210> SEQ ID NO 21 
<211> LENGTH, 7 
<212> TYPE, PRT 

5 10 

<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 
<220> FEATURE, 
<221> NAME/KEY, Xaa 
<222> LOCATION, 5 
<223> OTHER INFORMATION, Xaa is preferably R or L 
<220> FEATURE, 
<221> NAME/KEY, Xaa 
<222> LOCATION, 6 
<223> OTHER INFORMATION, Xaa is preferably Y or E 
<220> FEATURE, 
<221> NAME/KEY, Xaa 
<222> LOCATION, 7 
<223> OTHER INFORMATION, Xaa is preferably Tor S 

<400> SEQUENCE, 21 

Ser Ala Ser Tyr Xaa Xaa Xaa 
5 

<210> SEQ ID NO 22 
<211> LENGTH, 9 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
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<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 22 

Gln Gln Tyr Tyr Ile Tyr Pro Tyr Thr 
5 

<210> SEQ ID NO 23 
<211> LENGTH, 10 
<212> TYPE, PRT 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 23 

Gly Phe Thr Phe Thr Asp Tyr Thr Met Asp 

<210> SEQ ID NO 24 
<211> LENGTH, 7 
<212> TYPE, PRT 

5 10 

<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Sequence is synthesized. 

<400> SEQUENCE, 24 

Ser Ala Ser Tyr Arg Tyr Thr 
5 

What is claimed is: 
1. A method of making an article of manufacture com­

prising a Pertuzumab pharmaceutical composition suitable 
for treating a cancer patient, comprising: 35 

(1) recombinantly expressing Pertuzumab from recombi­
nant Chinese Hamster Ovary (CHO) cells at manufac­
turing scale, and purifying a Pertuzumab composition; 

(2) analyzing fragmentation at Asp-Pro Pertuzumab 
heavy chain residues 272-273 comprising measuring 
and identifying the presence of Peak 2 fragment in an 40 

amount from 0.3% to 0.9% by reduced capillary elec­
trophoresis sodium dodecyl sulfate (R-CE-SDS) assay 
in the purified Pertuzumab composition; 

(3) combining the purified Pertuzumab composition with 
one or more pharmaceutically acceptable excipients to 

make a pharmaceutical composition, wherein step (3) is 
before or after step (2); and 

( 4) preparing an article of manufacture compnsmg a 
container with the pharmaceutical composition therein, 
and a package insert with prescribing information 
instructing the user thereof to use the pharmaceutical 
composition to treat a cancer patient. 

2. The method of claim 1, further comprising measuring 
Peak 1 fragment in an amount s0 0.5% by R-CE-SDS assay 
in the purified Pertuzumab composition. 

3. The method of claim 2, wherein the amount of Peak 1 
fragment measured is from 0.02% to 0.4%. 

* * * * * 


